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I HAVE no reason to regret having specially addressed tlie first 
edition of these 'Notes' to Permanent- way Inspectors; its 
dedication to them was the natural conclusion of my intention 
to write a text-book mainly for their use. I have to thank 
several of them for suggestions contained in letters which com- 
bined the most candid criticism with the friendliest apprecia- 
tion of my first essay. To the Permanent-way Inspector I 
dedicate this second edition also. 

For six months, in 1891-92, I was placed on special duty, 
under the orders of the Secretary of State for India, to report 
on certain subjects in relation to British and French railways. 
Among these were * Permanent Way ' and ' Signalling and 
Interlocking.' My examination of the former — in which I 
owe much to the courtesy of the engineers on various English 
and Scotch railways — ^has better enabled me to cover wider 
ground (although I have purposely confined myself to repre- 
sentative types) in the descriptions (Chapter I., Arts. 22-3^) 
and sketches (Figs. 1-14) of permanent way. My study of the 
latter was chiefly pursued in the works of the great signalling 
firms, who gave me all possible information and assistance ; and 
Chapter Y. is practically a reprint of the introductory note to 
the detailed Eeport which I submitted to the Government of 
India on this subject. It has had, however, the advantage 
of being since corrected by Messrs. Maoeenzib and Holland, 
of Worcester, to whom I am especially indebted. 

Articles 35-39, on ' Platelaying,' have been rewritten. 

In the chapter on ' Points and Crossings ' I have worked out 
formulsB (30a) and (31a) for crossovers where the two crossings 
have not the same angle. The solution of the case of a cross- 
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over between two parallel curved roads hue been sufficiently 
indicated. Mr. E. Eqbbtoh, Executive Engineer, fiimiHlied mo 
I with the exact formulte (24), (2ia), (26), and (26a) for deter- 

mining the angle of a croBaing; and other additions will be 
' noticed, especially in the articles on 'Giathering Lines' and 

' Three-throw Points and Crossings,' and the special approxi- 
mate formula (56), (71), (10a), (12), (23), (246). (26i), and (29), 
applicable to eight different gauges. These last (in some cases 
again simplified} also appear in Chapter IV. on * Simple Roles.* 

The Tables of Cant required on curves have been made out 
for seven gauges. Table X., of Middle Ordinatos of Curved 
Bails, has been added. Table XI., of Numbers, Angles, and 
Factors, will be found useful in applying the formulte for 
points and crossings. Tables XII.-XIX., of Numbers, Radii, 
Curve-leads, Switch-leads, Leads, Turnouts and Crossovers, 
have now been worked out (in accordance with a friendly 
suggestion) for eight gauges — the 5' 6", 5' 3", 5' 0", 4' 8J", 
3' 6", metro, 3' 0", and 2' 6" ; the half numbers— BJ, BJ, 7J, &o. 
— have been inserted ; and the figures extend (except in the last 
Table) from l-in-5 to I-in-16 crossings. The calculations for 
these were got out at various times, chiefly on board ship and 
on railway journeys. They can be checked by the formnlte on 
page 114 ; and I shall be much obliged if readers who detect 
errors will inform me through the publishers. The Graphic 
Diagram (Fig. 37) may be applied to any of six gauges, for 
each of which a scale to be used is given. In Table XXII. I 
have selected certain Standard Dimensions which should be 
known to all railway engineers and inspectors in India. 

Finally, I take this opportunity of thanking Mr, J. R. Bkll 
(now Consulting Engineer for State Kailways to the Govern- 
ment of India) for revising the proofs of the first edition, and 
Mr. F. WoLLRV-DoD (Deputy Consulting Engineer for State 
Bailways to the Government of India) for similarly going 
carefully through the skeets of the second edition. 

W. H. C. 

Calcutta: September 1895. 
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Thb Permanent-way Inspector of to-day — so far as my know- 
ledge of liim goes — is not merely that vague product, a 
" practical man " ; he does not necessarily prefer gnoeswork to 
oertAinty ; he has not a supreme contempt for a simple and 
intelligible mathematical method ; ho has not a seroao confi- 
dence in the fallible process of " putting it in by the oye " ; and 
he is not one jot less practical than the platelayer of the old 
school, although he has had the advantiLge of a better education. 
To him, then, I dedicate this little book. 

The first chapter deals with tlie Material which the plate- 
layer has to work with. While on furlough in 1885 I was 
engaged for some months in passing material for the War 
Office, and so had constant opportunity of observing the pro- 
cesses of manufacture which I have briefly described. The 
inspection and test reports, I may add, are qnotations from my 
own papers. 

In the second chapter I have described the actual operations 
of Flatolayiog, both as regards construction and maintenance ; 
and for assistance in this portion I am greatly indebted to 
Inspector Campion and several other friends, both Engineers 
and Platelayers. 

The third chapter treats of Points and Crossings. Upon this 
Bubject Donaldson is, without question, the great authority. 
But simplifications of his treatment follow at once from the 
measurement of the gauge from inside edge to inside edge of 
rail-head, instead of from centre to centre of rail, since the 
vridth of the upper table of the rail disappears from all terms 
of the calculation and only affects tbe clearance. Donaldson, 
again, oxpresses the inclination of a crossing in tetixi& cii 'Ciia 
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CHAPTER I. 

PEBMANENT'WAY MATEBIAL. 

1. — Definition of Permanent Way. 

Thb permanent way consists of rails, sleepers, and fastenings, 
and the term is used to distinguish the finished and permanent 
railroad from temporary lines laid down during construction 
for the carriage of material, &c. 

The rails are laid to gauge, i. e. at a certain distance apart ; 
their ends are fished together with plates and bolts ; and they 
rest-— either in chairs, on bearing-plates, or directly — upon 
sleepers, the flat-bottomed rail (with or without bearing-plate) 
being held down to the sleeper by dog-spikes, wood-screws, or 
fang-bolts with clips, and the chair, in which the bull-headed 
or the double-headed rail rests, being secured to the sleeper by 
solid oak trenails, by wrought-iron spikes, by fang-bolts, or by 
hollow trenails into which spikes are driven. 

The sleepers are bedded and packed in ballast, which is 
spread upon the formation of the bank or cutting. 
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2.— Ballast. 
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The balloet, forming tbe immcdiatD fonndatioa and snpport 
of the pormanent way, ehonld bo of a material clean, bard, and 
Bufficiently bindable, yot loose enongb to admit of &ee drainage. 

Stone, brick, slag, or knnker, broken enfficiently small to 
pass in anydirecttou tbrongb a ring 2^ or 3 iscbes iu dituneter, 
sharp clean, gravel, or sand, is the most nenal material. 

On the London and North-Wostern ICailway slag is con- 
eideied to be tho best of ballast ; nothing will grow in it, there 
is little dost, and it does not Qy when packed. 

Sand, covered with a top dressing of brick or stone to keep 
down the dnst, forms a fail packing for metal sleepers, but 
small, clean gravel is better. 

That portion of the ballast which is not actnally packed, but 
lies on the top or is loosely filled in, is called the boxing. 

When an estimate is to bo cut down, probably the first thing 
to be sacrificed is ballast. This will freqaently be foond to be 
the moBt short-sighted economy. Even if it be expensive, good 
and sufficient ballast will more than jnstify its provision, as a 
rule, by the saving in maintenance of way — both in decrease 
of labour and increase in life of material — and in the ultimate 
efieot npon the rolling-stock. 

3. — Iron and Iron Ores. 

In one form or another iron constitutes the material of rails, 
fish-plates, chairs and fastenings, — and sometimes of sleepers 
and keys. 

In a chemically pure state iron possesses no practical value, 
and is merely interesting from a scientific point of view. 

Its qualities as a constructive material depend npon the more ' 
or less complete elimination of sulphur, phosphorus, silioon, 
and other impurities, and upon the admixture of very small 
proportions of carbon and manganese. 



PLATELAYING, AND POINTS AND CROSSINGS. 3 

Iron is obtained in its first condition — that of pig iron — by 
smelting certain ores in a blast furnace with coke and lime. 

Of workable ores, the oxide class includes magnetic iron ore, 
red hssmatite and brown hsBmatite, while the carbonate class 
is found in the forms of spathic iron ore and clay ironstone. 

Swedish iron is obtained from magnetic ore. Bed haematite 
is found in Lancashire and Cumberland; brown haematite in 
the Forest of Dean, Cornwall, and Devonshire ; and day iron- 
stone in Wales, Scotland, Yorkshire, Staffordshire, Derbyshire, 
and Shropshire. 

4. — Descriptions of Iron. 

Three descriptions of iron are broadly distinguished : — pig 
or cast iron; malleable or wrought iron; and steel or ingot 
iron. Of each of these, again, several varieties are recognised. 

5. — Cast Iron. 

Cast iron consists of iron and very small quantities of carbon, 
silicon, manganese, sulphur, and phosphorus — the carbon in 
the whiter varieties being chiefly combined or dissolved, and in 
the greyer kinds mostly unoombined or graphitia 

For foundry purposes XJnwin (in his ' Testing of Materials 
of Construction ') gives the following limits : — 

Combined carbon 0*15tol*25\ o.aa* a ca 

Graphite l-85to3-25/ ^^^^ * ^^ ' 

Silicon 0-15 to 5-00 

Sulphur 0-00 to 0-50 

Phosphorufl 0*00 to 1-30 

Manganese O'OOto 1*50 

Iron 90-00 to 95-00 

100-00 

When the proportion is not too large, carbon increases the 
fluidity of molten iron, and makes the pig softer and tougher ; 
in excess it makes iron both softer and weaker, as the pro- 
portion of uncombined carbon increases. 

B 2 
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Cast iroa is inductile, nnd cannot be forged or welded. It 
cannot be relied on to stand severe strains Buddenly applied, 
and is antrnstwortby under tensile straiD, 

Within a limited range it is tonghcr, in compression it is 
mnch stronger, and under tension it is mncli weaker, tliajt 
wrought iron; it is harder, more brittle, and beyond a small 
range of stress it is less tongh; it is fusible at mncb lower 
temperatures ; and it is not so readily oxidised. 

We may broadly distinguish three deacriptions of pig iron — 
grey, mottled, and white— there being again four gradations of 
grey pig, of which throo are useful for foundry purposes. 

More particularly, then, we may Bay that there are six 
varieties of pig iron in the market ; — 

No. 1, — Contains most graphitic oorbon, is the roost fusible, 
is soft and tender, has the coarsest texture, with a fracture grey, 
crystalline, and Instrous, is used for small £ne castings, and is 
generally the dearest. 

Nog. 2 and 3, — Contain less carbon, Bre fusible enough for 
larger castings, where strength rather than fineness of surface 
is required, and exhibit a lighter grey and less lustrous fracture. 

No. i. — " Bright grey pig " contaius least carbon of all the 
four grey kinds of pig, is not readily fusible, and is used, not 
for foundry purposes, but for making malleable iron. Its frac- 
ture is light grey with very small crystals and but little lustre. 

Mottled pig. — So called on account of the appearance of its 
fracture. 

While. — Contains most combined carbon, is the hardest and 
most brittle, exhibits a white crystalline fracture, and is only 
used for making inferior bar iron. 

The crushing strength and hardness of cast iron are in- 
creased by remeltittg, but, if this be repeated too often, the 
tensile and transverse strength suffer. 

6. — Malleable or Wrought Iron. 

Malleable iron contains less carbon than cast iron, but not 

necessarily less than the milder kinds of steel ; it is, therefore. 
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best described as the result of the more or less complete deoar- 
burisation and purification of pig iron by the '^puddHng 
process." We may say that the purer it is, the more ductile, 
trustworthy, and valuable it is, as weld iron. 

It is malleable (as its distinguishing name implies), ductile, 
weldable, and tough ; it fuses with difficulty and only at a very 
high temperature; and rusts rapidly when exposed to the 
influence of a moist atmosphere containing carbonic acid. Its 
strength under tension and imder compression is very nearly 
equal. The characteristic texture is fibrous, and this will 
generally be exhibited by fracture. The appearance may, 
however, be crystalline if the piece be broken by a sudden 
blow. 

" Puddled bar " is the £rst kind produced in the manufacture. 
By repetitions of the process of cutting, piling, reheating, and 
rolling are obtained successively the descriptions of wrought 
iron known commercially as " merchant bar," " best," " double- 
best," and " treble-best " ; and, as it is thus gradually improved 
in quality, it is made suitable for rails, ship-plates, boiler-plate, 
forgings, &c. 

7. — Steel or Ingot Iron. 

Steel, or more precisely " ingot iron," differs from malleable 
iron in that it is produced in a state of fusion, and from cast 
iron in that the ingot formed by the cast metal is malleable. 

This statement affords perhaps a better differentiation of 
ingot iron from both cast and malleable iron than any which 
involves reference to its composition, or attempts to describe 
more particularly its special qualities. For the proportion of 
carbon which it contains in a combined or dissolved state may 
vary from 0*15 to 1 • 60 per cent., while in its character it also 
varies greatly, the milder kinds of steel resembling malleable 
iron in many respects. 

The characteristic fracture of steel is bright and crystalline ; 
but, when ruptured gradually, a mild steel may exhibit a 
fibrous fracture. 



6 KOTEa ON PERMANENT-WAY MATERIAL, 

The milder kinds of stool, containing kaet otirbon, reBemble 
wrought iron in tonghnoEs, tensile strength, and weldahilitj'. 
The harder kinds are particulnr]y capahlo of being hardened 
and tempered bj beating aad rapid cooliiig. 

Steel is malleable iind forgeable, but should be ivrougbt at a 
loiver temperature and treated more carefully than malleable 
iron. It is mere fusible, but steel caetiuga are rough, porous, 
and generally require to be forged. 

8. — ImpuritieB in Iron. 

The presence of silicon in pig iron hindora the combination 
of carbon with iron, and — when it doea not exceed 3^ per cent. 
—tends to produce a soft, grey, strong iron. More than that 
makes pig iron weak, hard, and brittle. In very mnch smaller 
proportions it inducoa hardness in wrought iron and steel ; but 
as little as 0-35 per cent, renders wrought iron " cold-short " 
or brittle nnder the hammer, and 0'5 per cent, makes steel 
" red-short " or nnworkablo at a red heat. 

Phosphorus tends to make pig iron brittle, but its hardening 
effect and the increased fluidity which it induces in the molten 
metal are of advantago in light castings, where strength is not 
of mnch importance. More than 0-3 per cent, of phosphorus 
lowers tho tenacity of wrought iron, and makes it " colil-short." 
Much loss renders steel "cold-short," and not more than ' 1 
per cent, wonld bo allowed in stoel rail specifications. 

Tho presence of manganese in the ore aids the elimination of 
sulphur, but more than 1 per cent, makes the pig iron white 
and brittle. In wrought iron its effect is to raise the melting- 
point. Manganese acts like carbon in increasing tho elasticity 
and tensile strength of steel, but renders it less ductile ; and, 
while it lessens the " red -shortness " due to phosphorus and 
sulphur, the alloy of manganese atid iron makes the steel more 
liable to rust, aud in a purer metal, therefore, its presence is 
less desirable. 

" Gold-shortness " is induced by antimony, tin, and a 
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" red-shortness " by copper, calcium, and sulphur ; but the 
worst of these is sulphur. 



9. — Preparation of Iron Ores. 

The ore, if it contains much pyrites or shale, is broken up 
and weathered for three or four months, or even for a much 
longer period. It is then roasted in a kiln in order to expel 
from it, as much as possible, water, sulphur, and arsenic, and to 
render the ore porous. 

10. — Reduction in the Blast Furnace. 

The modem furnace is a huge vertical wrought-iron cylinder 
lined with brickwork. From the throat to rather below the 
middle, the stack or body of the chamber gradually bellies out. 
From here it contracts more rapidly in the boshes down to the 
hearth. At the bottom of the hearth is a tap-hole, which, 
while the furnace is working, is plugged with clay ; the sides 
of the hearth are pierced to receive from three to six tuyeres, 
through which the hot blast is supplied from the main. 

Once lit, the fires of the furnace may not be extinguished for 
years, charges of coke, lime, and ore being added from time to 
time through the throat. 

In its gradual descent the ore is heated, reduced, and decom- 
posed ; carbonic oxide, hydrogen, and hydrocarbon gases 
deoxidise the ore ; water and carbonic acid are given off; and 
the lime, which acts as a flux, combines with the silica of the 
ore and forms slag. 

The reduced iron now takes up a certain amount of carbon 
and some impurities as well; the metal fuses; the furnace 
having been tapped, the lighter slag flows off at a higher level ; 
and the impure iron is either run into " pigs," whence it is 
known as pig iron, or the molten metal is carried at once in tra- 
velling ladles to the Bessemer converters to be made into steel. 

As the temperature is higher or lower, and the quantity of 
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fuel greater or less, the pig iron produced TttrieB between the 
greyer and the whiter descriptions. 



11.— Castings. 

No. 1 is only used for Bmall caetiugs in which fineness, rather 
than strength, is desired. For larger castings the greater hard- 
ness, strength, and toughness required are obtained with No. 
3 or 3, or a mixture of these; indeed, mixtures run more 
solid, and give better results. 

The pigs are broken up and melted in a cupola furnace, 
charges of ooke, iron, and limestone being added as required, 
and a blast supplied by fans or blowers. When the furnace ia 
tapped, the molten metal is caught in a ladle, poored into sand 
moulds, and allowed to cool gradually. The contraction in 
cooling is about one per cent in linear dimension, and allowance 
must be made in moulding accordingly. 

In a specification of cast-iron sleepers, it is not usual to pre- 
scribe what kind, or mixture of pig iron, shall be used, but to lay 
down certain tests. Thus, for Indian State Bailway sleepers a 
cast-iron bar 2 inches deep and 1 inch broad placed on bearings 
3 feet apart must bear, withont breaking, a weight of 1^ tons 
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and they contract so much in cooling that annealing is necessary. 
Hardening in oil and then annealing greatly increase their 
strength and ductility. The moulds are more costly, the melt- 
ing-point of steel being much higher than that of cast iron ; 
there are more dead-heads, the castings are rougher, they are 
more liable to contain blow-holes, and they require to be forged. 
For cast sleepers and chairs, iron is preferred to steel. 



12.— The "Puddling Process." 

Malleable iron is produced by melting and '^ puddling " pig 
iron in a reverberatory furnace, the hearth of which is covered 
with broken slag, and the whole of the interior lined or 
'' fettled " with a mortar composed of ground red hsematite or 
some cheaper substitute. 

White pig iron is preferred, and the charge (about 4 or 
4^ cwt.) having been introduced, more coal is added, the 
furnace closed, and the heat raised. 

In the *' melting down " stage the pigs, as the metal softens, 
are turned over with a long iron rod ; silicon is partly separated, 
and grey pig is converted into white— graphitic carbon changing 
to the condition of combined or dissolved carbon. 

In the next stage, during which the damper is lowered, and 
the temperature allowed to fall, the puddler mixes the charge 
with basic slags which are thrown in. 

During the third stage the heat is again raised; carbonic 
oxide is freely given off in spirts of blue flame, and the metal 
is said to " boil." As the puddler works the mass vigorously 
with his rabble, most of the carbon, silicon, phosphorus, and 
manganese are exposed to oxidation and thus separated. 

The '^ boiling" now subsides; the sinking mass becomes 
pasty ; and granules of infusible iron begin to " come to nature." 
These, during the ^' balling stage," are worked into balls by 
the puddler, and drawn towards the fire-bridge, the cinder 
flailing to the bottom of the hearth. 
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13.— Manufacture of various Sections of 
Wrought Iron. 

The balls, hftving been taken out of tlio furnace, are welded 

under the ehinglmg bammera, by wbich the slag is pressed oat 

I and the mass cuniiulidated. Wliile etill hot, tbeee " blooms " 

e paesed through the " puddling" or " roughing '* rolls, and 
the iron ia then knoiva as No. 1, or " puddled bar." 

By repetitiuaa of the process of cutting, stacking, reheating, 
and rolling, the particular qualities of malleable iron required 
for rails, ship and boiler plates, forgings, &c., are succossivelj 
obtained. 

The proper section of plates, angles, tees, rails, i^c., is finally 
acquired iu the " finishing rolls." 

For rails the stacks or piles were made up of puddled bars 
covered above and below with slabs of hard hammered iron, 
which, after rolling, encloged the heads of the rails, and thus 
formed a good wearing surface. 

Not only, however, are steel rails far superior to iron rtuls, 
but actually cheaper, so that steel has practically superseded 
iron in this as well as many other manufactures. 

14. — Manufactnre of SteeL — The Cementation 
ProcesB. 

" Blister steel " is produced by embedding wrought-iron bars 
ia carbon and raising them, while protected from the iuHueuce 
of air, to a long-continued white heat. They thus become 
impreguatod with a certain amount of carbon, but more 
particularly on the surface. 

To obtain greater uniformity these bars are sheared, packed 
in faggots, raised to welding heat, and hammered or rolled again 
into bars, which are known ns "shear steel"; and "double 
shear steel " is the result of repeating this treatment. 

A more truly homogeneous steel is produced by i 
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blister steel in crucibles with the addition of manganese or 
spiegeleisen. 

Shear and crucible steel are principally used for making 
cutting tools. It remains to describe more in detail the 
Bessemer, Basic, and Siemens-Martin processes, by which steel 
is now manufactured, possessing almost any desired gradation 
of qualities, at a comparatively cheap cost and in enormous 
quantities. 

15. — The Bessemer Process. 

Bessemer steel is obtained by the partial decarburisation of 
pig iron — a grey pig iron being preferred, reduced from haema- 
tite ore and practically free from phosphorus or sulphur. The 
molten metal is carried in travelling ladles from the blast 
furnace to the Bessemer converters, or delivered direct from 
the cupola in which it has been remelted. 

These are huge wrought-iron retorts, swung on trunnions, 
and having a capacity of from 8 to 10 tons. The bottom is 
removable, and fitted with perforated cylinders of fire-clay, 
through which the blast is introduced. The interior is lined 
with ganister, or with fire-brick laid in ganister mortar. 

A wood fire is first lit inside the converter, and blasted out 
when the lining has become red-hot. 

The converter is then swung down to receive its charge of 
molten pig iron, again raised, and the blast turned on. In 
about twenty minutes the charge is reduced to a state of almost 
pure iron. 

Once more the converter is swung down, in order to receive 
the charge of molten " spiegeleisen," or ferro-manganese, which 
flows from a cupola close by, and is required to give the proper 
admixture of carbon and manganese. 

After a few minutes the slag is partially run off, and the 
molten steel poured into a ladle. In the bottom of the ladle is 
a hole, whence the fluid metal flows (when the plug is lifted) 
into the ingot-moulds, most of the slag and other floating 
imparities being left behind. 
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The steel having solidified, the moalds are lifted off and the 
ingots removed to be reheated and passed through the " cogging 

rolls." 

16. — The " Basic " or DephOBphoriBatlon Process. 

The acid or ailicions slag pioduoed in the Bessemer process 
has no affinity for phosphorns, so that this imparity oannot be 
eliminated. Now steel containing as mnch as 0'2 per cent, of 
phosphorus with a very low percentage of carbon would be 
ntterly unfit for rails. It was not outil Messrs. Gilchrist and 
Thomas introduced the " basic " process, in which the ganister 
lining is replaced by one of a strongly basic character, that it 
was possible to dephosphorise ores which could not he utilised 
in the Bessemer process. 

The basic lining is usually prepared with dolomite, which is 
either burnt, ground, and applied with tar, or made into bricks 
and laid with tar. 

Before iatrodncing the molten pig iron and slag about 15 or 
20 per cent, of burnt lime is thrown in, and vrith this a basic 
slag is formed which eliminates the phosphorus. 

The blow lasts somewhat longer than in the Bessemer 
and it is duriufi tLo " af tor-blow," whea ; 
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A gaa rich in hydrocarbons is generatol from bitaminoTiB 
coril and other fuel in a Beparate apparntuB and conveyed by 
mains and culvertB to one of the regenerators. Hero it absorbs 
the waste beat, and, paasing throngh, reaches the hearth of the 
fornaoc, where it mingles with the air wLieh is necessary for 
its combustion, and nhich has heon similarly heated during its 
passage through the other regenerator. 

The cliaigo consists generally of grey hmmatite pig, which 
is first thrown on the hearth, and of four or five times as much 
wrought iron or steel scrap, old rails, Ac. The scrap molts in 
the more easily fused pig iron, while the oxidising flames play 
upon the whole mass all the while. After three or four hours 
samples are taken out and tested &om time to time, and, when 
a satisfactory test-rosult has been obtained, ahout 1 per cent. 
of spiegeleison is introduced and thoroughly mixed with the 
molten mass. 

The fluid metal is then tapped, caught in a travelling ladle, 
ond cast into moulds, 

Tho marked advantages of this process are economy of fuel 
and the utilisation of steel scrap. 



18.— Steel for Bails and Sleepere. 

The varying C[ualitie8 of steel depend to a groat extent upon 
the proportions of hardening ingredients — carbon, silicon, and 



Considered as constructive materials, tho superiority of stool 
to iron is based npon its higher limit of elasticity, its greater 
nltimate tensile strength, and its greater dnctility. On the 
other hand, it corrodes more rapidly under adverse atmospheric 
conditions, and the most rigid care and supervision in its 
manufacture are required to prevent brittlenoss and to ensure 
tougbDcss, 

We must look for other qualities, however, in the case of 
rails ; and here the supersession of iron by steel is principally 
due to the homogeneity and ability to withstand heavy moving 
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loada witkont being crnshod, abraded, or laminated, wbioh 
diatinguinh the latter material. 

In a, paper read before the Institution of Mechanical Engi- 
neers, Mr. SiLndberg aammed up the reaults of the discueeion 
on steel rails that took place at the International Boilwaj 
Congress at Paris in 1889. 

The general conclusioa was that the rails shonld be as bard 
as is consisteat with safety. Hardness was forroerly obtained in 
alow-running mills with hammered blooms, and the early Boh- 
Bomer rails wore welL Now, with the direct process and quick- 
ranaing mills, chemical rather than mechanical means have to 
be relied on, and this is not in favonr of the safety of the rail. 
Durability under wear is more important than tensile strength, 
and the tendency at' the Congress was to advocate higher per- 
. centages of the two chief hardening constituents, carbon and 

^^^H silicon, than are specified for English rail-steel. Mr. Sandberg, 
^^^H however, advises caution in obtaining hardness by chemical 
^^^H means, which would be attended by greater liability to fracture. 
^^^ Steel rails are not only thrice as durable as iron rails, but 

their price is much lower. Ton can afi'ord, therefore, says 
Mr, Sandberg, to adopt a heavier section, and then you can 
harden your metal with much less fear of fracture. 

Hitherto, a moderately bard steel has been preferred— con- 
taining not less than 0'3, noi more than 0'45 per cent, of 
carbon; not more than 0'06 of either silicon, or phospboms 
and arsenic together, or sulpbiir ; and, besides these, no other 
l] ingredient except manganese and iron. 

I For sleepers, a milder steel, containing less carbon and 

{ manganese, is required. The proportion of carbon shonld not 

|i exceed ■ 14 per cent ; and sleeper-steel should be able to bear 

I a tensional strain of between 26 and 31 tons per square iuoh, 

! should give an elongation of not less than 22 per cent, in a 

length of 10 inches, and show a contraction of not less thou 
40 per cent, of the original area at the point of fracture. 
I The following percentage limits and analyses are given of 

wrought iron, rail-steel, and sleeper-steel ; but it must be 



PLATELAYING, AND POINTS AND CROSSINGS. 15 

remembered that test-results prove the suitability of a steel 
for a particular use much more than a chemical analysis, for 
there may be marked differences in the composition of steels 
equally adapted to certain requirements : — 





Unwin'B Limits. 


Actual Analyses. 


Ck)n8titnent8. 


Wrought Iron. 


Steel for Railn. 


Steel 
Bails. 


Steel 
Sleepers. 


Iron 

Carbon 

Manganese .. .. 

SUioon 

Phosphorus . . 
Sulphur 


99-00 to 99-50 
0-02 to 0-25 
0-00 to 0-30 
0-00 to 0-20 
0-00 to 0-15 
0-00 to 0-015 


98-44 
0-35to0-60 
0-80 to 1-00 
0-04 to 0-10 
0-03 to 0-07 
0-07 to 0-14 


98*47 
0-35 
1-01 
05 
0-06 
0-06 


99-18 
0-11 
0-63 
0-02 
0-06 
0-00 




100-00 


100-00 


100-00 


100-00 



19. — Manufacture of Steel Bails. 

The ingot, having been reheated, is first passed through the 
'* cogging '' or '^ blooming rolls " ; the ends are sheared off ; and 
it is divided, if necessary, either by shearing or under the steam 
hammer, into ''blooms." The blooms, heated to redness, are 
then passed through the '' roughing rolls," and lastly through 
the " finishing rolls." 

While still hot, the long rail-piece is carried along live 
rollers and cut into the proper lengths by a circular saw. 

The rails are generally straightened by cambering while hot, 
not after cooling; the lengths are checked and, if necessary, 
corrected ; and the holes are drilled. 

The rails are then stacked for inspection. 



20. — Inspection of Steel Bails. 

The inspector is assisted by two or more men, who apply the 
gauge to every rail in each tier in order to check the lengths, 
and turn the rails over with nippers, so that he may examine 
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tLeit) on every side and eee whether thoro are any splits, cracks, 
cinder, or other defocta. 

Some most ho rejected altogether ; bnt those which are more 
than one-eighth of an inch too short, ot exhibit flaws near the 
enda, a&y be marked to ho cat. 

When all the rails ia one tier have been overhanled, the 
inspector looks along each one and marke thusQ which reqnire 
to bo straightened. He should also apply templates, in order 
to teat the section of the rail and the size and pitch of the fish- 
bolt boles. 

While that tier of rails is being removed, the inspector 
proceeds to esamine the top tier of another stack. 

Lastly, tho inspector may have a few rails weighed, in order 
to compare the actual with the specified weight per yard. 



Sl.—Testing Bails. 

The composition and qnolities of rail-steel aro proved by : — 
chemical analysis; direct tensile test; the dead load test; and 
the falling weight test. 

The chemical composition of wronght iron, rail-steel, and 
sleeper-steel has been dealt with in Article 18. 

At the end of the book are given examples of an inspection 
report, with details of the dead load and falling weight tests 
applied to certain of the rails inspected. For tho purpose of 
comparison, moreover, the results of tensile tests applied to 
pieces of rails and sleepers are shown in another table. 

Tho direct tensile test is applied in a testing machine of 
either the hydraulic or lover type. A test-piece of a certain 
diameter, having been turned out of the head of a rail, is 
subjectod to a gradually increasing tensile strain until it is torn 
asunder. The breaking strain, tho difference between the 
original and fractured areas of section, and tho elongation or 
difference »n length between two marks on the bar before and 
after rupture are then recorded. The tensile strength is thna 
measured, and the ductility of the sample is indicated by the 
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contraction and elongtition. A mil-steGl should be ablo to 
bear a tensile strain uf from 30 to 33 tons per square inch. 

The dead load or lever test is also applied in the testing 
machine. A piece of rail, resting on bearings a certain 
distance apart, is subjected to a gradually increaaing load or 
pressure, and the temporary deflection is measured from time to 
time until a permanent set takes place. The deflection indicates 
the elasticity of the metal until the limit of elasticity is 
reached, after which the test may be continued until the 
breaking weight finally determines the transverao strength of 
the rail, while the deflection which the rail will bear up to 
rupture shows the ductility of tho metal. 

The falling weight test consists in letting fall a certain 
weight from a certain height upon a whole rail or crop-end 
supported on bearings a certain distance apart. The deflection 
after oach blow is measured and recorded. 

Of all these tests tho last is considered by Messrs. Sondberg 
& Snelus to ho tho most significant and important. 

The results of a tensile test applied to a pieco cut from the 
head of a rail, and to a piece turned out of the web or lower 
flange, would probably show that the tensile strength differs 
oyer different parts of the section. Moreover, as Sir Benjamin 
Baker pointed out, the tensile and dead load tests in them- 
selves are not such as prove tho capability of the rail to Btaoil 
the strain of loads applied not only instantaneously but, so to 
speak, by shocks and blows ; whereas the falling weight attacks 
the metal suddenly and severely, as it is tried in actual use, and 
shows at ouco whether tho steel is too soft or too bard. 

Tho following are the main points laid down in a specifica- 
tion for Indian State Railways Bessemer steel rails, duublo- 
headed, 73 lbs. per yard : — 

To be made from a mixture of hasmatite pig iron and char- 
coal spiGgoleisen. 

To be of uniform section thronghout, true to template, per- 
fectly sound and straight, free from splits, cracks, scoriie, and 
defects of every kind, their weight being as nearly as possible 
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73 IbB. per yard. Any mile bent or warpod in the mannfactare 
to be Btraigbtcued by prosBure, and not by hammoring, Th*, 
ends to be cut true and eqnore, and burrs caused by the saw 
to be carefully removed. 

The length to be 80 feet,* but a very Hmall percentage of 
27'foot, and 24-foot rails may be accepted ; these ehorter 
lengths being cut, while cold, from longer rails defective near 
the ends, no reheating being alloived. The rails to be within 
J inch of the specified length. 

The bolt-holes to be drilled clean and siiuare to the wel^ 
without burrs on either side, and to correspond exactly with 
the gauges supplied. The holes not to be punched before 
being drilled. 

Subjected to analysis, the rails must not contain of: — 

Carlma more thrni 0-45 per cent, or less thwi 0'3 per oeat 

BiliooD „ I 

PhtMpbonu „ ! O'O pet cont. each. 

Sulphur „ I 

and there must be no other material present, except ntanganese 
and iron, lu some Bpecihcatioue arsenic is mentioned, and it is 
laid dowu that tbo rail-steel must not contain more than ' ( 
cent, of arsenic nnd phosphorus together. 

The following teats to be applied : — 

(1) A weight of 28 tons being suspended for half an hoop 
from tbo centre of a dO-foot rail on wrought-iron bearings, 
equidistant from its ends and 3 feet 6 inches apart in the clear, 
the deflection not to exceed ^ inch, and no permanent set to 
appear on the removal of the load. 

(2) The rail, being supported as above, to bear without the 
least sign of fracture two blows from a cast-iron monbey, 
weighing 1 ton, allowed to fall freely from a height of 20 feet 
upon the centre of the rail. The permanent set caused by the 
first blow to be between 1^ and 2^ inches ; the total deflection, 
after the second blow, not to exceed 6 inches. 

* Portjr-foot rails have already been introduced on the Bengal ■ 
North-Wmtero Eailway. 
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(3) Whole rails, broken by a weiglit of 1 ton falling from 
tho neceseary heiglit, to show a porfoctly sound and homoge- 
neous fracture. 



^^ 22.— Forma of Rails. 

There are three forms of rails in cominon use — the "Tignoles" 
or flat-footed, the double-headod, and tbe bulUheaded. 

These are all modifications of the I section, a form suggested 
by the work which a rail has to do, considered simply as a 
girder. 

The edges of the upper tablo must, however, be rounded to 
Btiit tbe wheel-tires ; allunanco must be made for wearing 
down ; and the mass of the head is distributed rather in depth 
than in width. In the lower flange of "Vignoles" rails the 
width and flatneas of the girder section are retained. 

But, if the rail is to be reversible,* the foot of the rail must 
be the somo aa the head, and we thus obtain tbe double-headed 
rail, which does not rest direotly upon wood sleepers, but re- 
quires the intermediate support of cast-iron chairs. 

The lower table of the double-headed rail, however, resting 
on the chair, is apt to become so dented that it is scarcely ser- 
viceable when reversed. A lighter flange, therefore, is adopted 
for the foot of the rail, and tbus the bull-headed section is 
developed. Tho bull-headed rail in heavy cast-iron chairs 
(Pigs. 6, 6, and 7) — the type of permanent way generally 
adopted on British railways — is admirably adapted to withstand 
the Bhocks and vibrations of quick and heavy traffic. 

Tho angle between tbe fishing-planes should be as smEiIl as 
possible ; in other words, the uader-alopes of the upper, and 
the top-slopes of the lower, flange should be aa fliit as practi- 
cable for easy rolling in the mills, in order that the support of 
tbe fish-platea at joints may be as direct, and the strain thrown 
on the bolts as little, as possible. 

English rails (Figs. 2, 3, 4, 5 and 6) generally have too 
wide an angle, aa much as 50° or 60°, the Highland Eailway 
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rftil being singular in haviog so flat aa angle as 40°. The 
modem teudoncy, howoTor, is to flatten the fiahiog-anglo mnoh, 
more than that. The fishiag-asgle of Mr. Sandberg's Goliath 
rail of 1889 is 30°, that of the Indian State Railway TE-lb. rai 
(Fig. 8) about 28°, while that recommended by the American 
" Committee on Standard Eail-sectione " is not more than 

At the same time tbe bead la made wider and less in depth 
than in older types, tbe sides of tbe bead are straight, and the 
top is flatter. Tbe interior of tbe head wears so much more 
rapidly than the surface metal, that a flatter and wider head, is 
much more economical than a deep cue ; it affords the engine 
a better grip ; and there is less grinding flange wear than with 
rounder edges and spreading sides. 

Tbe following dimensions of recent types — the Indian Stato 
Ifailways and that suggested by the American Committee — of 
75-lb. flat-footed rail-sections may be compared : — 
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• 1 in 4. t Flat. 

In the older forms tbe deep head and flat tbin foot received 
ench different amonnts of work in the rolls, and cooled down 
after rolling at such difieront rates, that the interior of the 
head was apt to prove sjjpngy, and tbe greatest care was required 
in straightening tbe rail. 

The new designs conduce to more even cooling, with leca 
risk of internal strain, bo that the rail may be, as nearly 
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possible, straight in all direotions. With this object, the 
amount of metal in head and foot is balanced as evenl; as 
eoonomy Till permit ; and — while the proportions of weight in 
head, web, and f ange of Mr. Sandberg's " Goliath rail " of 
1889 were 46-6, 22, and 32'6 per cent, respectively — the 
American Oommittee recommend 42, 21, and 37 per cent, (see 
' Transaotions of the American Society of Civil Engineers,' 
June, 1893). 

For similar reaaons, the web of a rail is made thicker than 
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mere strength requires. The weba of English rails are excep- 
tionally thick, especiaUj of those which ran through chemical 
districts, where rasting is oomparatdvely rapid. 
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Finally, haTing regard not merely to steady wear and tear 
but to the shocks and jars which a rail most Buffer under fast 
and heavy engines oscillating and pounding over it, a far 
heavier section is demanded than woald be necessary on onr 
first ooDsideratioQ of a rail as a simple girder. With slow 
speeds the diatribntion of the weight on the axles may be a 
measure of what the road has to bear, bnt at high speeds the 
whole weight of the engine attacks the rail almost instantane- 
ously. When exposed to the vibration of heavy and fast traffic, 
a light permanent way is sLakeu to pieces, and a heavy rail oa 
sleepers spaced sufficiently close to each other is tms economy. 

The details of some British and Indian rails, given on the 
preceding page, will no doubt be interesting. 

23.— Pisli-plateB and Fish-boltB. 

The suspended joint, with fish-plates instead of joint-chairs, 
was introduced by Mr. Bridges Adam as long ago as 1847. 

Steel for fish-plates is commonly specified to be made trova a 
mixture of best English or Spanish hiematite pig-iron and 
charcoal spiegeleisen, and to be equal to a tensional strain of 
not less than 28 nor more than S2 tons per square inch, with 
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Thus, while the Great Western uses the plain pattern shown 
in Fig. 4, many other English railways adopt the clip pattern 
illustrated in Figs. 2 and 3. The new Indian State Eailway 
standard fish-plate (Fig. 8) assumes a more or less girder-like 
section, while the old one had an angle section. Sandberg's 
fish-plate is also of angle section, but it rests on the sleeper 
flush with the foot of the rail, and has holes through which 
dog-spike fastenings are driven into the sleeper. On the Great 
Indian Peninsula Eailway the web of the end of the rail is 
sufficiently cut away to admit of a central fish-bolt being passed 
through, and thus holding up the fish-plates at the yery point 
where the joint most requires support. 

In length the Indian standard fish-plates run to 21^ and 
22 inches, but the English patterns do not exceed 18 to 20 
inches. With chair-keys that can be driven from either side, 
the sleepers next to the joint may be placed as near to each 
other as will allow of easy packing, and closer guard sleepers 
and shorter fish-plates are to be preferred. 

Unless the neck of the fish-bolt is square (as on the Midland) 
or pear-shaped or one-quarter square (as on the Great Western), 
fitting holes of the same shape in the corresponding fish-plate, 
the latter must be grooved or channelled (as on the London 
and North- Western, Fig. 3), to grip the square head of the 
fish-bolt, and prevent it from turning when the nut is being 
screwed up. Otherwise the head of the boh may be cup- 
shaped (as on the Midland and Great Western Bail ways. Figs. 2 
and 4). 

The nut of the fish-bolt may be plain or (as on the Midland) 
lock, square (as on the Great Western) or hexagonal (as on the 
London and North- Western Eailway). The Indian State 
Eailway standard fish-bolt (Fig. 8) had a washer under the 
nut, but a later pattern has the angles of the nut cut away for a 
depth of I inch, and the washer is dispensed with. If the nut 
is well chamfered on the face next to the fish-plate, no washer is 
necessary. Spiral and spring washers are sometimes used, but 
such expedients for keeping the bolt tight should not be required. 
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As II role the nuts are placed oatside the rail, bnt ocoaeionaUy 
(as on the London, Brighton, imd Sonth Coast Railway) we 
find them on the inside, eren when the keys of the chairs are 
driven onteide. 

The bolts paea throngh ronnd or otoI holes in the rail, 
^ to ^-incb play being allowed for expansion or contraction of 
the rails. Thus, the longer diameter of the Midland and Great 
Eastern oval bolt-holes is I^ inch, to take a J-inch bolt ; while 
the Indian State Railway rails are drilled with l^inch ronnd 
holes for a bolt 1 inch in diameter. 

A few dimensions are here given for the purpose of com- 
parison: — 
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25.— Form and Manufacture of Steel Sleepers. 

Steel aleepere have generally the Eection of an inTeited U, 
and the flange of the Vignolea mil ie eitber held by clips 
rivetted or bolted to tho sleeper — oa in most Continentsl types 
— or is keyed up between clips punched up from tho am-Be of 
the eleopcr itself, as in tho Indian State Eailwsy pattern. 

Until lately, the latter consisted of three pieces only, the 
trongb and two ieys, both the latter being driven outside on the 
straight, and one or both inside — to widen tho gauge as required 
— on the curve. But the space between the clips was too 
oarrow to allow one sleeper to bo replaced in tho road without 
disturbing the others or hcndi&g back the clips, which, although 
most objectionable, was sometimes done hy platelayers. 

In the standard pnttern of 1893, therefore {Fig. 9), the clips 
are not only stiffened or corrugated, so that they cannot thus 
be tampered with, but tho clearance between them is ^ inch 
wider than the flange of the rail, so that the rail can be dropped 
io, or the sleeper taken out of the road with case. The only 
objection to the now pattern is that it necessarily conaista of 
five parts, there being tito distance-pieces placed ontaide the 
rail, as well as two keys driven inside, except on carves, where 
the position of one or both keys and distance-pieceB is reversed, 
according to the extra width of gauge required. 

Tho sleepor-plato is 9 feet long and 1 foot 1^ inch wide ; its 
tbickseBS varies &om | inch, over a width of about 5 inches 
along the middle, to ^^j^ inch at the sides ; and the ends as well 
as the sides are turned down to hold the packing, the length of 
the shaped sleeper being 8 feet 9 inches. The width of the 
tail-seat is i inches, giving a bearing surfaco of IC square 
inches. The weight of the sleeper, with fastenings, ia 139 lbs, : — 

Sleeper-plate 135 

2 distaaco-piGces 2 

2tejB 2 
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In the manufftctiire tlie plates are reheated and Bhaped, while 
red hot, in a powerful pro§s, which at the Bumo time gives a tilt 
of 1 in 20 to the rail-aeat and punclieu up the clips. It is im- 
portant to stamp all the platos at as neatly as possible the same 
heat, eo that there may he no seusihlo diflorence of gange. 
Instead of being rolled in flat plates the steel may, otherwise, 
be at once worked to channel soctiou in the mills, and then 
pressed to shape andor the die. The finished sleepers are 
dipped either in a bath of tar when cold, or at a high tempera- 
ture in a boiling solutioD of coal tar and tar oil. 

The steel sleeper has also been designed, but less success- 
fully, to take double or bull-headed rails. Thus, in Webb's 
sleeper, of which 100,000 were laid on the London and Korth- 
Westem Railway, the rail is supported by three pieces riyetted 
on to the trough — a seat on which it rests, and two side- 
piooes between which it is wedged up by a steel spring key. 
In Biley'a pattern, some of which were laid on the North- 
Eastem Railway, clips are pressed up out of the mass of the 
sleeper, made thicker at that place in order to offer sufficient 
stuff. In the Howard type, tried on the Qreat Northern Rail- 
way, two tongues or lugs arc cut out and pressed down, afford- 
ing an elastic seat for the rail, which is secured by a woodea 
key. Steel sleepers have, however, found bo little favour in 
England, that no further description is necessary of the various 
patterns which have been expo rimen tally laid. 



26.— Testing Steel Sleepers. 

The sleepers having been laid out on benches, the inspector 
selects a few, has rails fitted on them and keyed up, and teste 
the gauge. He has a certain number flattened out under the 
steam hammer, when flaws in the slionldors may he detected ; 
and the clips aro tested by being doubled back. Should there 
be more than 0-14 per cent, of carbon in the steel, the clips 
will foil under this teat. Sleeper-steel should show no sign of 
crock or froctnre on being doubled hack till the inner radius of 
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the bend is equal only to half the mean thickness. Samples are 
also cut out of selected sleepers and subjected to tensile strain 
in the testing machine ; examples of this test are given at the 
end of the book. The conditions to be filled under tensional 
strain are specified in article 18. 

There must be no burrs on the clips, or the keys will not 
drive fairly, and the plates must be free from furrows or corru- 
gations. Much greater pains are now taken than formerly to 
make the clip and key or distance-piece fit each other closely. 

27. — Cast-iron Sleepers. 

Of cast-iron sleepers, two types may be considered, the bowl 
or pot and the plate, with wrought iron tie-bars and fastenings. 

The Great Indian Peninsula Eailway's standard pattern 
(Fig. 11) offers an example of the former. It is known as the 
'' B and L " (or right and left) pot, and consists of: 

Ibe. 
2 cast-iron pots weighing 202*00 

1 wrought-iron tie-bar „ 25*75 

2 „ cotters „ 1*00 

2 „ gibs „ 0-41 

229*16 

The bowl or pot is oval, with two seats for the rail, jaws 
such as a chair might have to hold rail and wooden key, two holes 
for packing, and bearings to take the tie-bar and fastenings. The 
pots are right and left, so that the tapering keys may be driven 
in the same direction on both rails. Wooden rest-pieces are 
not, in this pattern, inserted between rail and bearing, as in the 
older designs. It was found that rest-pieces of elm, oak, <&c., 
creosoted or otherwise prepared, so corroded the double-headed 
rail that it could not be inverted. Other patterns, still in use 
but not imported, are known as the " round " (these were their 
earliest), the "old oval," and the "new oval"; but these are 
all inferior to the " E and L " pots. 

The experience of the Great Indian Peninsula Eailway is 
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valuable, for tliey havo laid most of their road with cast-iron 
pots, their sleepora being thua distributed at the end of 1893 ;- 
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Teukwood -187,859 

I'iuewood 101,61)9 

OtbKt woods 39,810 

360 milua uf noodon aleepera .. .. <i^9,278 

Round pots (patra) 1S4,1<>2 

Ovnl, old ptttterc (paira) 931,637 

„ new „ 557,037 

„ Rand L „ Sy9,S0O 

1G32 miles of ciist-iron alecpers .. .. 2,815,686 



Their chief engineer eaya that the " R and L " pot makes an 
excellent road, and breakages are very small. 

The avorago renewals per annum of cast-iron pot sleepers, 
between 1873 and 1892, have been 0'80 per cent, only, as 
against 4-57 per wsnt, for wooden ones. During 1893 the 
wood renewals wore as muuh as 6 '14 per cent., the cast iron 
renewals being only 0'57 per cent. "The increase in wood 
renewals," the chief engineer explains, "is due to the rejection 
of sleepers before their life had ended, rather than lay new 
rails on them. Our renewals are carried on in continuous 
lengths, and we make the road as thoroughly good aa it can be 
made to avoid any early call for disturbiug it, in other words, 
the increase may be put down as the result of our improving 
policy. The decrease in iron sleeper renewals is due to the 
gradual increase of the stronger (standard) type, and to the use 
of better ballast. In the old days dirty ballast, which caked 
in the pots, caused great destruction of the weaker oval pots. 
About 75 per cent, of our ballast is either trap-stone broken to 
cubes with about 1 inch sides, or screened river shingle; the 
rest is of sand or other inferior material, which wo are rapidly 
discarding." 

Of the cast-iron plate sleeper we have an example in the 
Denham-Olpherta or " D. 0. sleeper," which consists of two 
cast'iroa plates, with wrought-iron tie-bar, cotters, and keys 
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^ig. 10). The inner jaw is a Beparate piece applied to the 
tail and ke^ed to the plate, and the rail is suspended in the 
jawB, there being no wooden key as in other cast-iron sleepers. 
The earlier type had a light jaw with a wooden packing-piece 
to carry the rail, instead of a heavy jaw in which the rail is 
suspended. 

The East Indian Railway have adopted the " D. 0. sleeper " 
as their standard, and tliere are 2,483,609 of them laid in the 
road. The annual breakages during the last five years averaged 
0-64 per cent. 

"It is," says the chief engineer, "easily handled and put 
together. With ordinary care in packing, it makes a good 
even road; and I think the running on the East Indian Rail- 
way compares &vourably with other large lines in India, where 
different types of permanent way are in use. The B. 0. plates 
have to be carefully packed, as the gauge can be altered ^ inch 
by packing more on one eide than the other." 

Onr experience of these sleepers on the Eastern Bengal State 
Railway is equally favourable, but it must bo roraembared that 
they were in both cases laid on a well consolidated road-bed. 
On a new line, the Delhi-Fmballa-Kalka Railway, the break- 
ages were as much as 4 per cent, during the first year, and 
would not sink to the East Indian Railway and Eastern Bengal 
State Railway averages until the banks were thoroughly settled. 

The D. 0. sleeper is exposed to a Hcvorer test when laid on 
the sharp curves and heavy gradients of the Frontier section of 
the N'orth-Wostern Railway. Nevertholeaa, the engineer-in- 
chief reports that it makes an excellent road to moiutain and 
run OD, and the breakages are small. On sharp curves, how- 
ever, it is found that the tie-bars are scarcely strong enough ; 
where the cant on curvea is considerable, they bend and tighten 
the gauge ; the inner jaw, moreover, cuts into the flange of the 
wheel. K care be not token in pnckiug, the plate tilts, the 
gauge tightens or widens, and, as the tie-bar is liable to bend, 
the gauge may ultimately be thrown out still more. On points 
and crossiugs, the heel and slide chairs used with this descrip- 
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of permanent woy are, eay the Frontier engineers, cumber- 
Bome, and the bridge chairs are not BBtisfactory, the cotter 
workiug loose. 

The falling weight test applied to those sIocpeTs is that of a 
tnp weighing 3^ cwt. fnlling throngh a height of 2, 3, 4, 6, 6, 
7, 8, BJid 9 feet successively, on the be:Ld of b, piece of rail 
16 inches long, keyed np in a plate bedded on send— the average 
fall at which breakage ocours not to be less than 7 feet, or the 
day's make to be rejected ; one plate out of every 200 to be 
thus tested. 

28.— Wooden Sleepers. 
Hard wood is preferred. Sleepers should consist of tho- 
roughly sound and seoBOned wood, as free as possible from eap- 
wood, large or loose knots, shakos, crocks, or defects of any kind. 
In England the sleepers generally consist of Baltic fir, adzed 
by machinery on the sap side sufficiently to seat the chair fairly, 
bored right throngh, creoBoted after being adzed and bored, and 
laid with the heart-sido downward. They measure 9 feet by 
10 inches by 5 inches, and weigh about 134 lbs. The chairs 
aro fixed on before the sleepers are sent out. Fitch pine, Scotch 
fir, and larch are also in use on British railways. 

In India, deodar, sAl, and teak are the most common sleeper' 
woods ; the two latter are preferred to deodar for bridge and 
crossing sleepers. Fyingado and asun are also in use. White 
ants will attach neither pyingado nor teak. ^Vithin a certain 
distance from the port of landing, creesoted pine, imported &om 
Europe, is often cheaper than indigenous woods. The broad 
(6 feet 6 inches) gauge wooden sleeper (Fig, 8) on Indian State 
Railways generally measures from 9^ to 10 feet by 10 inches by 
5 inches, and the metre gauge sleeper 6 feet hy 8 inches by 4J 
or 6 inches. 

There are Beveral procoRsea by which railway sleepers may 
bo more or less preserved. The efficiency of the " kyanisiag 
L process" is doubtful, as the corrosive sublimate is liable to be 
I vasbed out by oscoBsive mokture. "Burnett's process" 
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open to the Gome objoction whea the chloride of Tine eolntion 
is weak enough not to ftffect the Btrength of the wood. In 
France " Boucherie's (snlphate of copper) process " hoa been 
largely used ; while in England eleeper-wood is generally 
oreosoted. After being adzed and bored, the eleopers are packed 
in an hermetically oloBod cylinder, the air is pumped out, creo- 
sote IB allowed to flow in, and is finally forced in by the pumpB 
until the wood-fibre ie saturated with it. Ordinary sleepcra of 
deodar and other indigenous woods last fairly well in India, 
if the climate be a dry one, without any protection at aU ; 
but it is usual to oover bridge-sleepers of teab or s^l with 
K coat of tar. 

The sleepers are generally arranged transTerscly. In section 
they may either be half-round or rectangular, the latter aa a 
mle. If the rail be bull- or double-headed, the inward tilt of 
the rail is given by the peculiar form of the chair, and that 
portion of the sleeper on which tho chair reets is merely truly 
planed ; but where tho flat-footed rail rests directly upon it, 
the sleeper is adzed to an inwaid slope of 1 in 20, so that the 
rail has a corresponding cant of 1 in 20 from the vertical 
inwards. 

If the Bleei>er5 are arranged longitudinally, as is seldom 
the practice now, they are connected by transoms and bolts at 
intervals. 

29.— Chairs. 

Castriron bowl or pot sleepers are so designed as to form a 
combined eloeper and chair for double-headed or bull-headed 
rails, bnt with wood sleepers the intermediate support of a 
cast-iron chair is required. The rail generally rosts on a seat, 
and fits tightly against one jaw when the key, which is usually 
of pressed oak, ia driven between the rail and the other Jaw. 

It is fonnd that the lower tables of double-headed rails are 
often BO chair-marked that it is useless to reverse them ; and 
accordingly in one form of chair the head is suspended in the 
jaws, the lower table of the rail not touching the chair. In 
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tbie caee, bowevor, tbe blow of a paBsing train is not transmitted 
to the rigid chair tbrongb tbe more eloBtic medium of tbe wbola 
eectioD, but only tbrongb tbe bead, and this loss of cnsbioQ Is a 
disadTantage affecting botb tbe rail and obair, A better remedy 
is a broader cbair-seat. 

On tbe Midland Railway tbe cast-iron chair (Fig. 7J, 
carrying an 85-lb. steel rail, weighs 50 lbs., has a base of abont 
108 sqnare inches (15^^ inches by 71^ inebes oyer all) on the 
sleeper, and ofTers the rail a bearing 7^ inches long. 

The London and Nortb-Westem chair (Fig. 5) cftrrica a 90-lb. 
rail, weighs 45 lbs., has a not base-area of about 107 square 
inches (14| inches by 7f inches over all), and gives a rail-seat 
7J inches long. 

The Great Western chair (Fig. 6), with an 8G-lb. rail, 
weighs 4C lbs., rests on tbe sleeper with a base-area of aboat 
107 square inches (15^ inches by 7^ inches over all), and 
affords the rail a bearing 6^ inches long. 

The London, Brighton and South Coast chair, supporting an 
84-lb. rail, weighs 44 lbs., and has a net base-area of 112 
square inches. 

There is, in the case of the London and North-WMtem, a 
hair felt packing, ^th of an inch tbict under the weight of the 
chair before the fastenings are put in, between the chair (Pig. 5) 
and tbe sleeper. 

The chairs of the Great Western and London and North- 
Weatem are designed to give the rail a tilt of 1 in 20, aa on 
Indian State Railways ; in the Midland chair the roil baa an 
iaclination of 1 in 22 to the vertical. 

The old East Indian Railway chair only weighed 30 lbs. 
According to the last English Board of Trade Regulations, a 
rail should weigh at least 30 lbs. on light, and 40 lbs. oit 
heavy, roads. It will be noticed that the English choits are 
well over the minimum weight for heavy roads. 

In India chairs are often made with tapering jaws and keys, 
BO that the latter (of babool or other hard wood) can only be 
driven from one side. The inconvenience of this at joints ia 
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obvious, and the tendency to encourage the travel of rails in 
opposite directions will be noticed elsewhere. 

The English chairs, referred to above, have no taper; nor 
have the keys, which are of oak and 6 or 7 inches long ; the 
edges of the key-seat on the jaw are rounded off, and there is 
either a depression in the jaw, or (as in the London and 
North- Western chair in Fig. 5) there are several of such 
depressions separated by horizontal ridges, so that the key, as 
it swells, may fill the spaces and hold tightly. 

Thus wedged up, the rail and chair are as one mass and, 
with a base 14 or 15 inches wide, the lateral stability is im« 
mensely superior to that of a fiat -footed rail, spiked directly to 
the sleeper and having a base of, perhaps, 4 inches or less in 
width. 

The key is usually driven outside, but sometimes inside, the 
rail. The gauge is ensured with an inside key, but the key is 
more liable to be slackened by a passing train. The outside 
key affords a better cushion ; the argument that, if an inside 
key falls out, the rail is still kept in place by adjoining inside 
keys, is not of much practical importance; and the outside 
position is generally preferred. It is convenient for the key- 
man to have to examine and tighten both keys and fish-bolts 
on the same side, whichever it may be. 

The following are the main points laid down in a specifica- 
tion for cast-iron chairs for Indian State Eailways 73-lb. 
double-headed steel rails : — 

The cast iron to be a mixture of soft grey, all mine iron, and 
of such a quality that (1) in the transverse test a bar 1 inch broad 
and 2 inches deep, on bearings 3 feet apart, shall bear a load 
of 30 cwt. in the centre without breaking, and show a defiection 
of at least * 29 inches ; and (2) that a bar 1 inch square for 
a length of 1^ inches in the middle, shall exhibit a tensile 
strength of 11 tons per square inch of sectional area. 

The castings to be sharp and clean, and free from all blow- 
holes, honeycombings, sponginess, broken surface, &c. 

Great attention to be paid to the position, size and form of 

D 
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the jawB in which the lail rests, and to the tilt (I in 20) of the 
rail when keyed up. 

The chairs generally to be thoroughly dressed when cold, 
and made quite free from lumps, box porting ridges and other 
roughness. 

No hand-monlding allowed: all chairs to be moulded by 
machine. After being cast, the chairs to be protected, so that 
they may cool slowly and eyenly. 



30. — Fastenings. 

The flat-bottomed rail is fastened down to the sleeper by 

dog-spikes (Fig. 8), wood-screws, or fang-bolts with clips. 
Sometimes — especially at joint- sleepers and on currcB — the rail 
rests on a bearing-plate, through holes in which the dog (Fig, 8} 
or screw is passed. In the Board of Trade requirements it is 
laid down that, with F. F. rails, the fuetenin^ at joints and 
at some intermediate places must be fang or otber through-bolts. 
In hot and dry climates, however, fang-bolts are liable to 
work loose. The wood swells in the rainy season, the bolts 
then rust in, and when the wood shrinks again in the dry season 
the fang loses its hold, so that, in screwing np, the bolt is merely 
turned round nsoleasly in tlio hole. Wood-screws are better, 
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chair (Fig. 6) is secured by two fang-bolts only, and these are 
said to be most satisfactory fastenings. On the London, Brighton 
and South Coast and the London and South- Western railways 
the chair is held by three spikes in hollow trenails, two outside 
and one inside the rail, and in the former case the spike has a 
notched end. 



31. — Double-headed, Bull-headed, and Flat-footed 

Bails compared. 

In India, and on the continent of Europe, where the speed and 
lateral strain are not so great as in England, the flat-footed 
rail held down by dog-spikes, especially on base or bearing- 
plates, is generally equal to all requirements. (The bearing-plate 
illustrated in Fig. 8 is not the most recent pattern adopted on 
Indian State Eailways. In the new design there is no inside 
ridge at the inner edge of the foot of the rail, the outer ridge is 
more prominent, and the inner spike-holes are closer together — 
2^ inches only, centre to centre.) Otherwise, held by clips and 
keys in such a steel sleeper as that in use on Indian State Eail- 
ways, the flat-footed rail is as securely fastened as one can desire. 

The strong lateral support afforded by chairs leads at once, 
however, to the adoption of either double-headed or bull-headed 
rails, wherever the permanent way has to carry heavy loads 
moving at great speed. 

The economy of a double-headed rail, with four edges to 
wear out, would seem to be obvious, but the lower side fre- 
quently becomes so dented by the chair, that the rail, when 
inverted, is, perhaps, only fit for sidings. To avoid this, the 
double-headed rail is sometimes suspended in the jaws of the 
chairs, as in the jaws of the D. 0. sleeper in Fig. 10. Although, 
in this case, the shock of heavy trains must be more or less 
concentrated on the head, instead of being distributed through 
the whole mass of the rail, the suspension of the rail does not 
appear to be detrimental on the East Indian Eailway. Other- 
wise, when the rail rests on the chair, the only effectual pre- 
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TGution of cb&ir-marking is gocxl keying, firm paddog, and 
a clesn cbair-seat. la Kngland, wliere doablo-beadod rails are 
but rarely used, it liae been found of advantage to invert tbem 
every two years. 

Anotber objection to the inverBion (and, therefore, to tbe 
adoption) of double-Leaded mils ia that, after being subjected 
for yoitrs to teaBional strain ii8 the lower flange, that portion of 
the rail must necessarily be less able to bear compressive strain 
flB an upper flange, and turned rails accordingly fail rapidly. 
The upper flange, moreover, having got hardened and lost mneh 
of its el^icity, either cracks when inverted, or throff B escessive 
stress on the other flange, now become the head. 

On English railways, therefore, the btill-headod rail is in 
almost universal use. A heavy bull-headed rail in massive 
chairs is best able to bear the shock and vibration of the rapid 
and enormous trufSc o!' the great main lines. 

32. — Iiongitudinal and Transverse Wooden 
Sleepers compared. 

The old Great Western briilge-rail, carried on longitudinal 
timbers, with transoms and bolts to keep the gauge, made a 
splendid way, but it has disappeared with the 7-foot road. The 
continuous bearing permitted the use of a comparatively light 
rail — 62 lbs. per yard — and the joint was excellent. 

On a bioad gauge the longitudinal system might actually 
demand less timber than the transverse, but, generally, the 
first cost must be mnch greater on account of the larger 
scantling required ; repairs are leas eosily made ; the sleeper- 
frame has a tendency to open outwards like a book ; and the 
rail lies with tlie grain, so that it must either cut into the timber, 
or thin packing-pieces of wood — with the grain at right angles 
to the lino of way — must be inserted, which is troublesome. 

The transverse arrangement is at once more convenient, more 
economical, and — we may practically say now — is univeiBolly 
adopted. 

On abnimentB of bridges a longitudinal sleeper-frame may 
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often be introduced with great advantage, in order to carry trains 
easily and smoothly on to the girders. 

33. — Metal and Wooden Sleepers compared. 

Wrought iron — as a material for sleepers — may at once be 
discarded in favour of steel. 

Mr. H. K. Bamber (in Minutes of Proceedings of the Insti- 
tution of Civil Engineers, Vol. CIX., 1891-92) claims for steel 
sleepers of the " inseparable clip " type, in use on Indian and 
Colonial railways, the following advantages : — 

" 1. They are easily handled and laid in the track. 2. They 
hold well in line and surface. 3. The gauge can be readily 
adjusted on curves, by keying up one or both of the rails inside. 
4. The clips are not too rigid, and the keys keep well in place 
when once properly driven up. 6. The maintenance is easy when 
the track has once become consolidated. 6. If damaged by de- 
railment, the sleeper can be repaired and made serviceable at 
small cost. 7. Except where ballast has been impregnated with 
saltpetre, &c., the sleepers have not been found to rust much," 

They are easily laid, as described in Article 37. The 1893 
pattern for Indian State Eailways is still more easily laid and 
changed ; it is susceptible of finer differences of adjustment on 
curves ; but it aims at greater (not less) rigidity in the clips, 
for they are corrugated. Steel sleepers hold well in line and 
surface, now that greater care is taken to ensure a much more 
perfect fit between jaw and rail. They are difficult to pack on 
soft embankments, such as " cotton soil," especially in the rains ; 
but, after a year or two, on a consolidated bank free from 
brackish soil, and with ample and clean gravel ballast, there 
should be a sensible saving in maintenance. In India we can 
do nothing with a deformed steel sleeper ; and, from facing- 
points to facing-points of single-line stations in India^ fiat- 
footed rails should be laid on wooden — not on steel — sleepers. 
Most derailments occur at points and crossings, and it is very 
troublesome to replace a deformed steel sleeper, while a wooden 
one can easily be slipped in. 
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Bteel Bleepers do not readily lend themeelTea to ase with 
double- or bull-headed rails, 

TJnfortnnately, in India, they have been too frequently laid 
on brackish soil and moist. Thne, on that portion of the North- 
Weatem Railway which runs westward between the Salt Bange 
of hills and the right bank of the Jhelum river, and is exposed 
for months to inundation, and saturated with drainage from the 
hills, marked sleepers, which weighed 1 cwt. 1 qr. 8 lbs. in 1886, 
were found to weigh on the average only 3 qrs. 3 lbs, in 1890 — 
a loss of 2 qrs. 5 lbs. in four years. And, if mstonce begins, a 
steel sleeper will fail rapidly, for it has. much less metal to 
wear through than a cast-iron pot or plate. 

In the Great Indian Peninsula Bailway's standard pattern 
(Fig. 11) we have a good example of the caet-iron pot or bowl, 
and the " D. O. sleeper " — adopted as tlietr standard by the 
East Indian Railway, and largely uee:! by other railways in 
India — is the best type of the cast-iron plate within onr ex- 
perience. The wrouglit-iron ties, gibs and cotters rust more 
rapidly than the cast-iron pots or plates, and are taken oat and 
renewed with difficulty. 

In no country, probably, is a freer trial given to wood and 
metal as material for sleepers than in India ; and, in deciding 
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more care, although it may be less liable to break, in packing. 
With a D. O. plate sleeper a double-headed rail may be used 
without injury to the lower flange, because the rail is suspended ; 
but the direct suspension of the head of the rail in cast-iron 
jaws, without the elastic cushion of a wooden key, and without 
the further elastic foundation of a wooden sleeper, would scarcely 
be considered suited to the conditions of English traffic. 

The heavier sleeper has the advantage of greater inertia, but 
its weight is to some extent a drawback when the matter of 
long carriage has to be considered. On the 5' 6" gauge, a 
sal-wood sleeper, with chairs and spikes, may weigh 280 lbs. ; 
a deodar sleeper with bearing plates and dog-spikes, not more 
than 155 lbs. ; the Great Indian Peninsula pot sleeper, 229 lbs. ; 
the " D. 0. sleeper," 230 lbs. ; and the Indian State Railways 
steel sleeper, 139 lbs. only. 

The cost of carriage will depend on the weight of the sleeper, 
the distance it is carried, and the means of transport. 

The price, even of the same sleeper and in the same place, 
may vary considerably — according as an Indian railway, for 
example, casts its own plates or bowls, or imports them from 
England. Moreover, we must have regard to the first cost 
not merely of the sleepers, but of all necessary parts and 
fastenings of the permanent way, except the rails, fish- 
plates and fish-bolts, the price of which does not change with 
the sleeper ; and not only to the fixst cost of all these but to 
their durability, for, according as they require renewal within a 
longer or shorter period, a certain amount should be added to 
the first cost, in order to provide a sinking fund for renewals, 
at the proper rate of interest. The weight and first cost of 
one mile of single track of various descriptions of permanent 
way (showing separately that of rails, fish-plates and fish-bolts) 
may be compared in the following table (see p« 40), made out 
from a paper issued by the Technical Section of the Govern- 
ment of India, Public Works Department, in 1890. 

Against the original cost must be set the value of the old 
material: cast-iron pots and plates are worth a good deal as 
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75-lh. F. F. rails, fiah-pUles, boltsY . 



Trausreiee steel sleepers and ke^a I 9528' 



TS-lb. D. H. rails, fieb-plates, boUslI ,„- ,„ , 
and nuts 1| ^" *'* \ 



75-lb. D. H. nils, flsb-plates, bolts) 






13,264 1 
10,969* 



127481 13,372^ 

58'50 [sU'ea 4,<95 [24,678 
128-56 I 6,811 J 



ncluiles cost F.O.B. JB England, sea 
an, inaurnnce at 1 per c«nt. ou prime cobt plus sea fitight, 
lian currency at Is. 4}<f. to a rupee, nnd Innding charges 
at 2 rupees a ton. Indian freight must be added. These fi^rures must be 
accepted with caution, as the number of sleepers allowed per 30 feel rail is not 
the same in each case ; but they enable us tomalie a tolerably fair comparison. 
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the other material — Great Britain, France and Belgium being 
decidedly in favour of wooden sleepers, while metal sleepers 
are generally in favour in Germany and Scandinavia. 

The saving in maintenance of a metal sleeper will not, as a rule, 
include much reduction in the number of gangmen employed. 

It will be seen that the choice of the material and description 
of sleeper depends upon many factors, and must be made after 
a careful consideration of the several and particular circum- 
stances of each case. For instance, in regard to India, we may 
say that deodar from the Himalayas, creosoted pine from 
Europe, and the imported metal sleeper, meet in cost at certain 
points on a railway; that, even where the last is dearer, its 
longer life under well-known conditions will justify its adop- 
tion ; that cast-iron sleepers can be made in the country, and 
the scrap utilised; that white ants will not attack teak or 
pyingado, and do not destroy even deodar, as a rule, until after 
it has done good service for several years; and that, when 
timber contractors and the Forest Department force high rates, 
we can fall back upon metal. 

In calculating the life, and, therefore, the ultimate cost of 
sleepers, we can learn little from statistics. The average life 
of rails and sleepers is recorded without any details as to soil, 
hygrometric or other conditions, loads, speeds, grades, &g. ; and 
no practical deductions can possibly be drawn from bare figures. 
Arithmetically, everything may be expressed with perfect 
accuracy, but a steel sleeper road, laid in a few miles of wet 
saline soil, will completely upset the average. 

34. — Points and Crossings. 

The object of points and crossings is to pass trains from one 
line to another. 

The points, tongues, or switches, are short, tapering steel 
rails, so adjusted, each to its own stock rail, that, when one 
switch is pressed against its stock rail, the other switch is 
drawn away from its stock rail, and thus one line or the other 
is made continuous. 
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A pair of 12-foot points in use on the London and North- 
Weetern Railtray, shown in Fig. 12, coneist of — 
2 tongue rails. 
2 Btcrck rails. 
2 toe-chairs and Iceys. 
6 slide-chairs, with bolts or studs and nuts, fastening 

the stock rail to the jaws of the chairs. 
2 heel-cliairs and keys. 
2 connecting cods. 

1 point rod, attached to one of the connecting rods &nd 
leading thiough rods and cranks to the lever which 
actuates the points. 
1 tie bar, to keep the gaage just in front of the points. 
The switch and stock rail are sometimes fastened together at 
the heel with a stock-wedge or heel'block between, and this 
arrangement assists in checking any tendency of the switch 
raits to creep. 

The stock rail or side rail is, as a rule, straight or bat 
slightly kinked, and the toe of the switch is housed under the 
flange of it. Id some cases, however, as on the Great Western 
liailway, the side rail is cranked as much as |ths of an inch, 
and the switch, although utouter and stronger than usual, can 
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Switches and' stock rails are usually made of ordinary steel 
rails, selected, cut and machined. After being tapered on both 
sides by planing, the switch is heated and set at the middle, to 
make the inner or running edge straight, unless it is a very 
long switch, and requires to be curved. 

Too short switches are liable to tip up under the blows of 
trains playing on a loose heel. Their length should not, there- 
fore, be less than the distance between two following wheels. 

On the London and North- Western Railway a 9-foot switch 
is used with a 21-foot side rail, and a 12-foot or 20-foot switch 
with a 30-foot side rail, the length of the switch increasing with 
the number or acuteness of the crossing. The more usual lengths 
are 9 feet, 12 feet, and 15 feet, but on the Highland Bail way we 
find them as long as 18 or 21 feet. The longer switches and 
easier crossings will, of course, be selected for facing points. In 
India we adopt shorter stock or side rails — an 18-foot stock rail 
with a 12-foot switch, and a 21-foot stock rail with a 15-foot 
switch. 

The screw-coupled tie-bar, shown in front of the toe of the 
switch in Fig. 12, is provided at all facing-points on passenger 
lines and on the cross-over roads which are used by banking 
engines. Instead of gripping the rail underneath, the round 
bar may be bolted to the web of the rail. In some cases, in- 
stead of a round bar, a sole bar, with holes drilled through it to 
take the fastenings of the chair, holds the stock rail to gauge. 

Points are described as facing or trailing, according as the 
train passes over them from toe to heel of switch, or from heel to 
toe : in other words, as the train approaches them from one line 
leading into two, or from either of two lines converging into one. 

Facing points (as shown in Fig. 14) should be locked in 
position by a bolt passing through the stretcher bar; and 
should also be fitted with a locking bar to prevent the signal- 
man from shifting them while a train is passing over them. 

A right-hand set of switches is one which will turn a train 
entering them off to the right ; a loft-hand set, one which will 
torn an entering train off to the left. The right-hand switch 
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(of either a right or left-hand set) is that one which toniB a 
train into the right-hand line ; the left-hand switch that which 
tnras a train into the left-hand line. If we face the points, a 
tum-ont to the right demands a right-hand Bet of switches ; if 
we torn about and look from heel to toe, the right-hand switch 
ia that on our right. 

On minor lines and in goods yards the point rod is gcDcrally 
connected with a counterweighted ground lever, but point levers 
and signal levers in passenger yards are, on the more important 
railways, grouped and interlocked in a frame in a signal cabin. 
A few notes on this suhject will be furnished later on. 

A crossing in use on the London and North- Western Bailway, 
shown in Fig. 13, consists of — 

1 pair of wing rails, covering the nose of the crossing. 
1 pair of check rails or guard rails inside the outer rails. 

1 crossing, mode up of a point rail and a splice raiL 
6 crossing chairs, 

8 check chairs. 

2 bridge chairs. 

Crossing blocks, check blocks, bolts and keys. 
Crossings are also made of cast steel in one solid piece with 
the wings, and so designed that the upper and lower tables are 
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CHAPTER 11. 

PLATELAYING, 

35. — Division of Labour in Platelaying. 

The platelaying of a new line of railway cannot be com- 
menced until the banks and cuttings have been made up to 
the proper formation, the bridges completed (or temporary 
expedients arranged in their place), and permanent-way 
material collected at suitable depots. 

The operations connected with the platelaying may be 
divided into three : — 

(a) Conveyance of material to the working-point ; 

(&) Linking^in ; And 

(c) Lifting, straightening, packing and boxing. 

Accordingly, the supervisional and working staff must be 
regularly organised in three divisions : — 
(a) Material gangs ; 
(&) Linking-in gangs ; and 
(c) Lifting and packing gangs. 

36.— Material Gangs. 

These are engaged in unloading the material from trains 
and loading it on carts or trollies; in again unloading the 
material and distributing it alongside the line ; and in clearing 
the line, as the working-point advances, of surplus material. 
The regular and continuous supply of material is, as already 
observed, of the first importance. 

Bails should be loaded on two trollies, front and rear, in order 
tl^at they may be more steadily carried over the new and rough 
road. 

A platelayer should know how much of each kind of mate- 
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rial an ordinary truck will hold. Tbns, a ten-ton truck, on 
the 6' 6" gauge, will carry 83 or Hi rails (75-lb. section, 30 feet 
long) or 161 aleepere, whetlier the latter be of deodar wood 
or of Bteel, the weight of each being abont 139 lbs. A mile of 
rails can be loaded into 10^ trucks, and a mile of sleepers into 
11. In every alternate truck the rails should be packed up on 
sleepers or bolsters, so as to overhang those in the adjoining 
trucks, tlie rails in which should also be sufficiently raieed to 
prevent them from resting on the floor of the truck in front 

37.— Linking-in Gangs. 

A portion o^ these will first of all be engaged in placing 
approximately in poBition the material which hns already been 
delivered alongside by the material gangs, laying the sleepers 
and rails as nearly as possible in place, and putting the 
fastenings where they can be got at readily. 

The fish-bolts onght to be opened out, cleaned and oiled 
before they are laid out for the wrenchmen. 

One line of rails, on a curve the outer rails, should be linked 
and spiked first. The first party of wrenchmen half-fish the 
rails, adjusting for eipansion; while the rest complete the 
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bj a man with a bar to adjust the rail, the mate applied and 
removed the gauge, the spike was driven half-way, the gauge 
was again applied, and the spike then driven home. 

The road is then roughly straightened, lifted and packed. 

A clearer idea of the details of linking-in a new road will, per- 
haps, be obtained from the description of an actual day's work. 

Let us suppose that a quarter of a mile of 24-foot flat-footed 
iron rails on wood sleepers is to be taken out and replaced by 
30-foot flat-footed steel rails of heavier section on steel trough 
sleepers. 

The new material has been carefully laid out on one side, so 
as to leave room for throwing out the old material on the other. 
Some of the rails had been sagged by careless handling or by 
being tipped up in short trucks, the ends of which could not be 
let down to allow the rails to lie flat. These have since been 
straightened in a portable rail-press, and all are now laid out in 
pairs, in two straight lines, at the edge of the ballast, the ends 
not touching, but having the proper clearance for expansion 
between them-— one-quarter of an inch, or perhaps loss — so that 
the new rails occupy the exact length required right along the 
line. On the slope of the embankment, opposite the centre of 
each pair of rails, lie the proper complement of steel sleepers, 
two pairs of fish-plates, and eight flsh-bolts ; the boxes of steel 
keys have been placed in convenient positions; and all the 
tools have been arranged ready for use at the foot of the slope. 

The inspector has not more than 100 men, although he could 
find work for at least 250. He has to let a train pass at 9.30 a.m. 
before breaking the road, and must finish the job before 6 p.m. 

Meanwhile, the men are engaged on the road already relaid. 
One mate and gang are rough-straightening ; another mate and 
gang are finishing the straightening. One lifting gang is taking 
up the joints and middle ; another is setting the road, putting 
a flashing top on it, and boxing up. The wrenchmen are 
tightening up the fish-bo] ts. 

• Anothef gang is stripping the ballast from the road which 
is to be renewed to-day, removing all but two fish-bolts at each 
joint, chipping sleepers to rail-seat level, so that the claw-bars 
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may grip the headB of the spikes to be withdrawn, easing the 
spikes and splitting the fang-clipa with a cold sett and heavy 
hammer. Boys are engaged in picking np the fastenings wMch 
have been taken out, oiling fish-bolts, chalk-marking the sleeper 
distances on the new rails, &c. At the end of the portion o£ 
road to be renewed aro some IB or 20 pieces of rail of different 
lengths, from which closers may be selected without having to 
cnt and waste rails. The ends of these are already drilled 
to take the fiah-bolts ; and, if the closers are of variuns lengths, 
say from i inches to 7 feet, with two pairs of slotted fish-plates 
most gaps may be closed without cntting long rails or piilliag 
back the old road beyond. When very short pieces are dropped 
in, and fish-plates with long slots used, precautions should 
of coulee be taken to strengthen such weak joints, by placing 
pieces of old sleepers under them, until they are removed in con- 
tinuing the renewals the next day. 

After the last train has been cautiously passed over the 
partially-dismantled road, the closors and specially-made fish- 
plates (connecting the old and now rails) are removed and 
trollied to the fuithor end, the remaining fish-bdta taken out, 
and the outer spikes drawn. 

The old rails are then pinched out, lifted off with the rail- 
1. and deposited on one side. 




^Afte: 
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After the wooden blooke bare been removed, and the rail 
has been dropped into place, an expansion- wedge or distance- 
piece is inserted between tlie ends, and the rail driven close up. 
One of the sleeper-keys at each joint must always be driven 
before the fieh-p!ates are fitted on, aa it cannot afterwards be 
driven from the fish-plate aide. 

The opposite rails are then levered on to the sleepers, pinched 
into the lugs, and hammered home against the inner lugs, while 
a man at the end of each sleeper levels it up to the rail. 

The wrenchmen now half-fish the joints with two bolts (or 
even one only if there is much press for time} to hold the 
wedges in. They check the squareness of the joints with a set- 
Bqiiaie, and the expau si on- wedges are allowed to remaia in 
until the fish-plates have been completely bolted up for a 
distance of eight or ten rail-lengths ahead by the following 
wrenchmen. 

The keys are then driven. Some of the lugs haying perhaps 
got bent, it may be necessary to drive a chisel first and knock it 
out before the key can be fitted. The chisel has been so shaped 
that it will also serve aa a drift for the fish-bolts. Impracticable 
heye are at once picked out to be straightened, or to hare the 
burrs chipped off with a chisel, but, as a rule, it is found that 
the keys drive easily without using the drift-hammer. 

It now only remains to *put in the closers at the end of 
the relaid track, and to pack and straighten the road before 
passing the first train over it. 

38.— -Number and Difitribution of Workmen. 

Whatever the number of men employed may be — and that 
must vary with circnmstances and the speed with which the 
work has to be pushed on — it is essential that the men be 
thoroughly well organised and supervised ; every man should 
have certain work to do, and there should be no over- 
crowding or confnsion. 

Supposing that the material is brought up and laid out 
rapidly and continuously, the speed of platelaying is only 
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limited finallf hj the time required to link tn-o pain of rails 
together, and the nnmber and distribaDon of workmen depend 
upon this entiielj. 

WLile it might take three mi]iut«6 to liak-in a pair of 
21-foot rails, a gang of ten mejt could not lift, pack, fill in. 
Btraighten, and box np the same length of road in less than 
fifteen minntea; and the faster the linking can be done the 
more men will be reqnired to lift and pack within the same 
time. Although no exact proportions, therefore, can be fixed, 
it may be said gencrallj that the material gangs and the lifting 
and packing gangs ought to be at least three or four times as 
strong as the linking gang, if all the operations are to be 
carried on at an even rate. 

The Merv-Charjui section, 154 miles long, on General Annen- 
koCs extension of General SkobeloSTs Trans-Caspian Railway 
was laid in 1885 at the rate of 38^ miles per month. In 1879, 
the Sibi Railway, 133 miles in length, was put down at the rate 
of 40 miles per month, and this is probably the smartest piece 
of work of the kind on recotd : when the platolaying was in 
fall swing the rails were linked together at the rate of two 
pairs per minute, whereas, at first, it took two minutes to join 
np one pair. 

In a paper read before the United Service Institution at Simla, 
Mr. J. R. Bell eipressed his opinion — based on his experience 
on the Sibi Railway — that a month was required to collect 
labour and get into full swing, after which 4 or 5 miles a day 
might be the utmost limit of progress. Working on the " split- 
lead " as well as " single-lead " system was tried both in Bnssia 
and England, but the former was abandoned owing to the diffi- 
culty of carrying material to a second porty beyond. The 
road-bed on the Sibi desert was prepared by ploughing « 
width of 100 yards, to loosen the earth for the packing gangs. 

As an example of pliitelayiug in mountainous country, he 
mentioned the line between Bindli and Curwaza, which was 
carried 69 miles along the bed of the Bolon, rising over a ver- 
tioal mile, in 10 months. 
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Unleea time is tho chief coneideration, however, great cure 
and accuTHcy in Isjing a now track will be amply repaid by 
easier maiutecance afterwards, and far longer life of material. 
The platelayer's chief object should be to lay the road in a 
workmaiilike manner, rather than to rash it through. His 
rails should bo straightened or curved, as required, his sleepers 
laid square and properly spaced, the gauge exact, expansion 
carefully allowed for, his holts cleaned and oiled, and every 
preliminary arrangement made to ensure good platelaying. 

Beferring to the actual platelaying only, the following, 
induding Lheesties, would probably be able to link-in and 
finish one-quarter of a mile of double-headed rails on cast-iron 
pot Bleepera per diem, on the 6' 6" gauge : — 

rising tio-bara 5 

Linking-in G5 

FilllDg gaud foe lifting and pocking up tiS 

Lifting and pocking 5U 

LeTelliog aand and putting on a, 3-in. lop dreseing of 
ballast G5 



For snch a gang the following tools would be required :- 

Bars, large 20 

Bara, small .. 1(1 

Boaketd ISO 

Cbiauls (for splitting CDtteta) a 

Hand lummera .. 



Keving hammerB 
Litting levers .. 
Pbaoms 



Sling.hooka (and bamboos) . , 

SplritlBTcl 

Btraight-edge with heigbC boards .. 

Wooden beaters 

Wooden sqaare 



Between 1888 and 1890 very heavy renowala were carried 
out on the writer's division of the North-Westorn Bailway of 
India. The old road consisted partly of D.H. rails in caat-iron 
pot sleepers, and partly of F.P. rails on wood sleepers. These 
were replaced by heavier F.F. steel rails, either on wood or on 
steel sleepers. 

E i 



1 
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Mx. Campion, one of tbe inspectors, fonnd that he oonld 
relay, without interruption of trafSe, a quarter of a mile a day, 
and he fnrnifihed the following details to ' Indian Engineering ' 
(isane of Janoary 31, 1891) and to the writer. 

A gang of 55 coolies having previouBly opened oat the road, 
the first distribntion of his taen was as follows : — 



4 banimers 
12 olBW-borB 
8 tommj-bara 


2 


1 pick or bar 


2 


1 pickaxes and 'I 
20 Bhovela J 


2 
2 


100 ft. oord 


2* 


Baskets 


u 



Unflebing joints 

Cleai'mg spike-lieadB 

Drawing ooRch-Bcrewa 

Breaking JBrnmed bolts 

Draining spikea 

Tbiowing out rails 

iTumlQg over eleapetB for easy re'| 
I moval J 

Tbrowing ont sleepeis 

DreBBing road for new sleepers ., 

Laying oat new flipepers 
[Hougblj spacing and aligningl 
I sleepers J 

Boys coUeoliug fastenings .. 



For the second series of operations the same men w^e dis- 
trihuted as shown on p. 53. 

Each set of four forward spikors was provided with 2 hammera 
and 3 hars ; two men having 2 hammers and 1 bar between them, 
and the other two holding up the sleeper with their bar. 

Nine of the ten mon spiking the opposite line of rails were 
divided into 8 sets of three men, each set having 1 gange, 
I hammer and 2 bare, while the tenth man with a bar assisted 
the mate in adjusting the rail to gange. The mate took this 
tBMn OB ithoad with the Grst set of epikers, to shift the joints 



m 


n 
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and middles of rails to gauge prior to spiking them. The two 1 


following seta completed the job. 1 


b 


i 






S 

i 


n 


j 


Wort on which emplojcd. 


T»l^fa,u«d. 


I 


E 


12 


Placing inilB nn BleepeiB .. .. 


6 rail nippers 


2 


K 


3 




Eipansi'jn nedgoal 


2 


\ roughly Bir^hteQing .. .. 


and 2 bars J 


C 


4 


Bougbljflahingjomla 


1 2 crowbars and I 


2 


A 




Borewing up jointH 


} ..^„„ { 


2 


B 


4 


Correctlj Bpociag Bleepers .. 
Marking one tine of rails for Bleepera 


2 


O 


1 


Chalk and rod 


2 


K 


2 


Marking oppogite raila 


T square and chalk 


2 


F 


8 


(Spiking forward Ihe leading oi Une 


f e bars and ' 


2i 


\ si lie rails, in two eete 


1 4 hamniers 


D 


6\ 


SpikinR the opposite or gauge line ■) 3 gtiagcB, 7 bars \ 


2* 


H 


4/' of raila, in three sets .. ".. .. 


I and 3 hammers 


L 






Baskets 


2 


J 


10 




f Hi^ight board, 
1 level, &o. 


4 




J 


'11 


Filling in ballaat for paoking „ 


Phnoras and baskete 


Si 




14 


Straightening 


Bars 


5i 


Any spare time was finally occupied in packing. 


A Bub-inepector, with 25 men, following up the liaking 


gangs, repacked and roughly filled in the new road, doing a 


quarter of a mile a day. 


The following tools, &o., were provided : — 


12 dozen augers, j in. 


1 gross fog signals. 






80 amall baw 


1 rule, 2 ft. 


250 phaoras. 
200 Wters. 


2 BctB flaR Bi^alfl. 


4 large red flags. 


500 pboora handlea. 


4 hand lamps. 


500 beater haDdlea. 


2 large signal-lamps. 




1 get height and sight-boards. 


60 ash-aliBfta for tiitto. 


2 spirit levels. 
20 W of cord. 


■ G sledge- hammera. 
^^^ 1 flDUll anvil. 




^^K 1 haud-bellowa. 


1 rod, 15 fC, for opening slai^Fera. 


1 


1 wukt-troiieli. 


2 Iba. chalk per mile. 




^1 




^^^1 




■■■■■^H 
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12 BpaonBrB for old bo1U. 

12 spanners foi: new bolts. 

12 ml nippers. 

200 Eiaaketa. 

6 ilozen boxes of matchea. 

i IhB. oil per mile. 

80 lbs. charcoal per mile. 



Jton of sorts for repairing tools. 
1 jim crow, 

1 mil press. 

2 mtciiel braces and bits. 
1 dozen chiseli). 

1 drilling post. 

2 direotion boards. 



All tbe eleepers were notched and borod to a template befurc- 
band ; a carpenter and coolie could do 50 per diem. 

Two, and Bometimea three, inepoctors {including Mr. Campion) 
were sinmltaneaualy renewing the line on different sections of 
tbe divisioQ. Tbeii metbode difTered conaiderablf ; bat each 
WOB allowed to pursue his own, subject to no other intorfetoDce 
than an occasional au^estion, and the results were in each ciue 
most satisfactory. 

On the metre gauge, Mr. H. G. Amott, assistant engineer (who 
worked with the writer for several years), carried out Tery rapid 
renewals, with a large number of men distributed aa follows : — 



Workmen, how employtd. 


1 
• 
1 


1 

a 
1 


i 


f 








34 
2 
8 

a 

16 
20 
48 
6 
IS 
84 
70 
30 
80 
10 

2 
2 
2 

e 


































Opeoing out and fishing rails and adzing sleepers 














Spacing and spiking sleeper 




















































4 


8 


S80 


10 
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In addition to the above, tLere were a tindal and 10 men 
with five carta for shifting camp daily, 8 hheeatiea or water- 
men, and i chokodars or watchmen in charge of tools and 
camp. Tho number of men employed was largo, but — after a 
week — the renewals proceeded steadily at the rate of IJ^ mile a 
daj, although the line had to be cloBed up four times daily to 
allow passenger trains to pass. 

In laying a new road on the metre gauge with F.F. rails and 
tvood sleepers, the same engineer made the following distribu- 
tion : — 



Hail carriera foi forwoni work from tip 

Bmall material trollfmen 

„ cucriere, front 



Sleeper placere 



Railp 

Bleepur aquarerB and rail morkera 

SpnnacT men, &oTit 

Bpikers, front 

Spanner men, tighteners 

Bough BtraigbtenerB 

Fnll apikera. rear 

HoDgh pocking; 

BtTttlghtenera 

Fall packora 

8traigbl«DerB 

Boiing-ap gang 

Jim-orow gang 

Hatchet gang 

Bail-uDtting gong for curvea 



There were also 10 bheeaties or watermen, 10 oarpenteia, and 
6 smiths. 

With tho inspector were two sub-inspectors, one in advanee 
with the linking party, and the other (and better of the two) 
with the finishing and packing party. 



Ob KOTES ON PEKMANENT-WAY MATERIAL, 

One gang — 30 or more rail-lengths ahead — half-fished the 
joints, nod spiked four sleepers per pair of rails. The next 
gang completelj fished the joints, and spiked the remaining five 
sleepers. A mate followed these with a gnag for rough straight- 
eaing and packing ; another gang fully packed the road. Then 
came a straightening and jim-crow gang, who also tightened np 
loose bolts and drilled bolt-holes in cut rails, where required. 
Lastly come a strong gong of coolies, to bos and trim the ballast. 
The Bmall material carriers, forward and rear, supplied the 
wrenchmen who were half-fishing joints in front, and those who 
came after them to complete the fishing. 

With thia number and distribution of men a mile or — when 
the work was in full swing — a mile and a half of platelajing 
could be done per diem. 

In England, perhaps, not more than 26 or 30 minutes^in- 
stead of, as in India, 8, i, or 5 hours — can be snatched botweea 
trains for occupation of the line and relayings, and not mi 
than 6 rail-lengths relaid at a. time. 

All materials are got ready, the ballast is cleared to the 
bottom of the sleepers, two ont of four fish-bolts at each joint 
are removed, and every alternate chair-key is taken ont. 

As soon as the train has passed, the remaining chair-keys 
are knocked out, the rest of the fish-bolts removed, the rails 
taken out, the old sleepers turned over, so that they may easily 
be lifted and carried away, the old bed is picked up, and a 
fresh bed dressed off with shovels. 

Then the now sleepers, wiih chairs fised on, are placed — 
six-foot way between rails being left clear — a boy lays out the 
keys, fish-plates and bolts, 80 that they may be at hand, the 
new rails ate put in, the centre key of ea«h rail is driven — the 
men holding the rail with barn against the inside jaw of the 
chairs— the two middle fiab-bolta at each joint are fitted, the 
expansion -wedges are dropped between the ends of the rails, 
the keys of each alternate chair are driven — one man levering 
np the sleeper, while the other drives the key — oud a train 
may thou be passed over at 10 miles an hour. 
Tbia might be done bjr (t ganger, 25 men and a boy. 
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39.— Lifting and Packing Gangs. 



Theao will perfect the operations of etraightening, lifting 
aud packiug. 

The first lifting gang will level up the joints, the height 
board being acourntely placed about 100 feet ahead of the 
previoufily-ttdjuBtad sighting point. The Becond party will 
pick up and level the intermediate sleepere. 

Four men ehonld be told off to a pair of raila, all four 
packing a eltiepor— front and back, right and left — at the same 
time, so that the sleeper may not he forced out of place during 
the operation. 

Trains should be passed over the new line at moderate speed 
nutil the road is well consolidated. 

The rails should he in line and level before the fiah-bolts are 
tightened up ; the strain of bringing into exact position two 
adjoining rail-enda should not be thrown upon the fish-plates 
and fastenings. 

40. — Duties of a Permanent-way Inspector. 

We now come to the matter of maintenance, and the per- 
manent-way inspector must remember that ho is personally 
responsible for the Btate of the road. 

It ehould be his object to make the road both safe and 
elastic ; to effect this as economically aa possible ; and, only 
when he is sure that he has a really good road, to make it look 
like one. 

He must personally superintend renewals, utilising his 
material to its utmost ; and either he or one of hie sab-inspec- 
tors should always be present when a rail is being renewed. 

The inspector has to keep an account of all material laid in 
the lino, taken out and stacked, or received from stores and 
held in reserve for purposes of renewal. The less writing-work 
he has to do, however, the bettor. 

He should regularly and minutely examine all bridges and 
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oulvertB, points and crossinga, signals, &c., so that he may be 
able to certify that they ate in good order ; and he should see 
that side drains and waterways aie cleared of long grasH and 
robbish. 

The inspector ought to trolly oyer tbo whole of his Bection 
at least once in three days, carefully noting all bad rails and 
Bleepera, loose or broken fastenings, and other defects. Witb 
this object, in boxing the ballast, spikes and other fastenings 
are to be left bare. He can best detect weak places and feel 
the quality of bis road when travelling on the engine, and this 
he will frequently do, either going or returning. 

When he has to take his trolly off to let a train pass, he 
should observe bow tbo train affects the load, and will often 
thus detect weak joints and loose sleepers which would other- 
wise escape his notice. 

Ho will of course stop at each gang to give orders, and should 
occasionally stay with them some time, direct their work, and 
see whether the mate understands his duties. 

When arranging for any special work, he should have a 
sample piece done, time the men, and thus judge the time 
required to complete it. 

Hie inspection should be made irregularly, so that the gangs 
may not know when to expect him. 

He should report all accidents to the officials concerned, and 
bring to the notice of the assistant engineer any important or 
dangerous defect in the permanent way, bridges, &c. 

The inspector should get thoroughly acquainted with his 
men, and know exactly what each 

When a train is approaching, the gangmen should form Tip 
on one side of — and at right angles to — the line, so that the 
inspector or engineer, if he is in the train, may see that all are 
present. 
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41. — Duties of a Sab-Inspector. 



It is the dnty of a sub-iuBpector to carry out the inspector's 
orders implicitly. Ho will have charge of a Bub-eection of line, 
and miiBt be preBent wLouever a rail ia being changed or heityy 
lifting boiug doiie, giving due notice and arranging danger 
Bignals. 

He Bhould always carry with him on the trolly a Bupply of 
fog-Bignale, two large red flags, hand lamps, spannerB, two 
chisels, a hammer, a ratchet-brace and bits, a gauge, and a 
telegram'hoek. 

^L 42. — Maintenance G-anga. 

^^ On the 4' 8^" gango we might have fear or five men, including 
' ' the ganger, on a 3-niile length of single line or on a 2-mile 
length of double line. 

In India, aa average over the whole single line of two men 
per mile (inclnding the keymen but not the mates) on the metre 
gauge, or of threo men on the 5' C" gauge, should be safficient 
to maintain the permanent way when once it has been got into 
working order. 

On the metre gauge a mate and gang could maintain at 
least 3 miles ; while, on the G' G" giiuge, more men being 
required together to handle the heavier material, a length of 
i miles would not bo too much, and would place 12 men under 
tbo control of each mate. 

The headquarters of the gang should bo as nearly central as 
, close to the line. 



43. — Dnties of a Mate or Ganger. 

The mate has direct charge of all the ordinary work of 
itenance. He has to take out and replace all defective 
material, to stack old material at a sufficient distance from the 
line, to patrol the line in timo of danger from rain or any other 
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cause, to watch the action of woter-courseB in flood, to see that 
signal anJ telegraph mree are not obatructEd in any way, to 
keep all water-channels open and clear them of rubbish, to 
repair the fencing, to clean the working parts of points and 
signals, to take charge of all tools and materials in his 
length, &c. 

With a section of 4 or 5 miles the mnte, if his headqnartere 
are fairly central, should generally be able to walk over bis 
beat, half one day and half the other. Ho can acareuly do more 
than this, for the gang cannot be trusted to work by themselves, 
and his place is with them. 

When his line is in fair condition he Ebould make his men 
work — week and week about— from one end or the other. 



44. — Duties of the Wrenchman or Eeymon. 

The keyman is the mate's right-hand man, and generally 
able to take up his duties in his absence. As a picked man he 
usually gets a little more pay than the rest of the gang. 

Starting oarly in the morning, the keyman should go over 
the whole of bis beat — walking down one side of the track and 
returning on tbo other — driving loose keys and spikes, tightening 
loose bolts, and replacing broken fastenings, He should then 
begin at a certain point, and do a quarter of a mile or so 
thoroughly. He should bring all defects to the notice of the 
ganger, who, if he cannot go himself, may send a conple of men 
with the keyman, if necessary, to pack loose sleepers. 

The keyman on a pot or chair road carries the following 
tools and fastenings with him : — 

1 key-hammer, 6 lbs. or 7 Iba. in weight. 

1 large spanner. 

1 amall spanner. 

6 fisb-bolts and nuts. 

6 wooden keys. 

1 smaU hand-chisel. 

1 steel scraper for cleaning chair-seats. 
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On a road of flat-footed raila on wooden sleepers 


the 




wrenchman would carry the following :— 






1 hammer, about 4 Ibe 


in weight. 






1 Bponner. 








1 small band-cliisel. 








6 fish-bolts and nuts. 








6 spikea. 








It is u much as he can do to work through tho whole 


beat 




properly, and he will seldom be able to return to work with | 




the gang. Indeed, the more he 


is kept to his particular dnties 1 




the better, instead of being er 


couragcd to rush throuah his 1 




length and rejoin the others. If he goes through rapidly and | 




carelessly, he will pass a good 


many loose keys, split o 


thers 1 




with a hurried stroke, and take little notice of loose bolts and | 


■ 


^feroken fish-plate s. 




J 
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^H 45.— Platelayers' Tools. 


,. < 


■ 


^^ On the 4' 8^" gauge, a ganger and five men, maintain 




road consisting of B.H. rails in 


chairs on wood sleepers, 


mgki 




require following tools, &c :— 






L 


C beaters. 


2 gauges. 




1 


H 6 bnra (1 daw). 


2 plug onttera. 


1 


I 


■ B Bpaimera. 


I plug cup. 


1 


■ 


W Bhammora. 


1 plug Atitt. 


1 


r 


1 lever polo. 


2 yard bruehea. 






1 act dUKera. 








1 spirit lovel. 


1 hnud hummer. 






1 straight-edgH. 
laie. 


1 lifting jack. 
I file. 






ladze. 


1 oblael. 






1 drill frame and drills. 


1 borrow. 




L 


1 lonj. 


2 cdl feeders. 




1 


^ 2 KtB dgnalB. 


1 oU van. 




1 


■ 2 baad lampe. 

■ Ijimerow. 


1 satchel. 




W 

1 


The following lists give the f 


ill complement of tools required 




(1) for a gang conaisting of 


no mate, oaa k6yaia.-tt. wii, ^^'(. 


I 




^ 


^H 
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men, on a 3-mile length, 5' 6" gauge, B,H, rails, and cast- 
iron pot sleepers; and (2) for a gang consiBting of one mate, 
ono koyman and eleven won, on a 4-milo length, 5-foot 6-inch 
gauge, F.F. rails, and wowlon sleepers:— 


TwiiuxdAppiumcM. 


B.H. RUliiDd 


Vl^«, Sla^ 


^XS:*'""*'"- 

Bealera 

Book of railway regniationB .. ., 

Claw bare and orow bars 

Coldchiwl 

FtagBigiialB 

Pogaignalfl 

Gauge 

Hand hammer 

Hand lamps 

Keying hammers 

Liftine lever 

Munjrope 

Phaoras 

Eatoliet brace and bila 

Screw wrench 

Sighting boiirdfl 

Bliug hooka 

Spauuera 

Spiking bammota 

Spirit l<iTBl 

Steps, or iucb-boaids 

Straieht-edga 

Wi. punnen 


8 

2 
1 
6 
1 

2aet8 
12 

1 
2 

2 

100 feet 
S 

1 

2 
2 

2 

2 
S 


2 
11 
11 

1 

8 

1 

2aels 

12 

1 

2 

1 

100 foot 

1 
1 

a 

2 
2 

1 

2 

I 


The took should be collected and counted by the mate evorj 
night, aud kept in a locked tool-box. 

It ia scarcely necessary to eay that gauges are apt to wear 
^^ loose, and should ba tested every two or three months by the 

^^H A short eteel-pointed chieel-bar— or " tommy-bar "—is a 
^^B^ useful tool, and very handy for turning over rails when 

1 'U a sort of pincers, gripping the head of the rail and having 
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borizontal handles, will be particular]; useful in platelaying. 
With sis BTich nippers, twelve men will pick up or lay down 
a 30-foot 75-lb. rail both quickly and gently, and carry it with 
the greateet ease. Id station yards, where a great deal of heavy 
work in connection with points and crossings has to be done, a 
rail and crossing lifter will be found nseful : with such a lifter 
five men can do the same work as twelve with a lever. While 
the mmecessary multiplication of tools is to bo avoided, no tool 
need be regarded as snperfluous which saves time and laboar, 
and enables the workmen to handle material more easily and 
less roughly. 

46. — Maintenance of Ralls. 

When one edge of the head of a rail is worn, the rail may 
ha tnmed end for end in its place, or shifted to the other aide. 

A double-headed rail, the upper table of which is worn, may 
be inverted, nuless the lower table has been corroded in brackish 
soil or dented by the chairs. It will at any rate serve to pnt 
in a siding, from which good rails may often be taken for the 
main line. Where double-headed rails are nsed in England, it 
is a frequent custom to invert them every two years. 

Double-headed rails frequently become chair-marked throngb 
neglect, the chair-seat not being kept free from rust and dirt. 
Some platelayers occasionally unkey and raise the rail, clean 
the seats thoroughly, replace the rail and drive the keys — first 
those in the middle, nest those at each end, and lastly the 
intermediate ones. In putting in a new rail, also, the same 
order should bo followed — the key of the middle chuir or pot 
Ehould be driven first, while the rail is held up with bars 
against the inside jaw of the chair or pot. Some of Greaves' 
oval pots were fitted with wooden packing- pieces, to prevent 
chair-marking, but the result was not satisfactory. 

Turned rails do not wear anything like so well as the original 
npper table. 

Bails which ore worn or split at the ends may be cut and 
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used as closers or clicck-rails. Every possible use ougbt to be 
made of a rail beforo it is finally rejected as unserviceable. 
Bails unfit for main line are gonerallj good enougb for aidinge, 
and an economioal platelayer will make snab interohanges as 
mucb as possible bofore calling for new lails. 

When a rail begins to fail, a stake is driven at the Kide of tbe 
line, and the deterioration of the rail carefully watched antil it 
is necessary to remove it. 

Bails should not, in the hot weather, be taken oat and 
replaced^duiing the beat of the day. If, iiam insufficient room 
for expansion, the inspector thinks that the rails will close in 
somewhat, when oae is taken out, he should have the rails 
pulled back from eitber side tbe day before. Othorwise, be 
may have to nee a cut rail. Inspectors have sometimes ten or 
twenty rails to change in one day at difibrent places. Accord- 
ingly, fiah~bolts and unta are unscrewed, cleaned, oiled and 
replaced, a day oi two before tbe new rail is to be put in, so that 
the actual renewal may bo easily and quickly done. 

Either the inspector or sub-inspector must invariably be 
pieGetit on such occasions, and see that tbe line is protected by 
hand and fog-signals on oacb side. The station-masters on 
each sido sboald be advised, and drivers warned to look ont for 
signals. 

Before breaking the road tbe inspector should make sore that 
the new rail is of tbe exact length required, with sufficient 
deoranoe for expansion. 

47.— Flailing the Bails. Expansion. 

When two rails are being fished together, a small space ia 
left between them to allow for expansion. This space may be 
from one'cighth to one-fouTtb of au inch, according to the 
length of the rail, the extreme variations of temperature, the 
season of the year, and tbe time of day when they are linked in. 
In England at ordinary temperatures, a clearance of one- 
ighth or three-sixteenths of an inch ia allowed between the ends 
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of 30-foot rails. In India, during the cold weather, as large a 
clearance as a quarter of an inch may be required to allow for 
the maximum expansion in the hot season ; the hotter the rails 
are when laid, the less clearance need be given, and vice versa. 
Wooden or angle-iron wedges or iron rings of different thick- 
nesses must be placed between the ends of the rails while they 
are being fished, and are easily removed with a bar when the 
bolts are screwed up. 

If too much space be allowed for expansion, the fish-plates 
and bolts will often snap in the cold season, and the bolts may 
be so jammed against one side of the holes that it will be 
difficult to take them out, if required. To lessen the space, the 
bolts should be slackened during the hottest time of the day, 
so that the rails may expand freely ; the bolts may then be 
screwed up again. 

On the other hand, if too little space be allowed, the rails 
will either buckle or creep. Should they buckle, the road may 
be temporarily adjusted to a reverse curve until there is an 
opportunity of opening out the road, taking out the fish-bolts, 
oiling them, and replacing them on one side of the joint only, 
loosening the chair-keys, drawing the rails sufficiently apart to 
admit the expansion wedges, removing one pair of rails, and 
replacing them by short rails as closers. The wedges should 
not be taken out until the rails have been eased for a consider- 
able distance ahead. 

Until lately, 30-foot rails have been the longest in common 
use; but, as before mentioned, 40-foot rails are now being 
introduced in India. The longer the rail, the heavier it is, 
of course, to handle, and the more liable to get sagged when 
carried by railway (unless loaded in special trucks), and the 
more clearance is required for expansion — so that the joints are 
more liable to sink, and, consequently, the ends of the rail to 
be spoiled. 

The fish-plates should not be too long, not only because— if 
screwed up too tightly — they check the expansion and contrac- 
tion of the rails, but also because they prevent the adjacent 
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BleeperB from being placed close enough to each other to support 
the joint efficiently. 

Fish-bolts should be cleaned and oiled — in England they are 
generally dipped in tar — before being put in, and they Bhonld 
not be screwed np too tightly, not only lust they should 
break, but becanse the tight lateral grip of the fish-plate may 
prevent free eipansion, and either cause the rails to creep or 
buckle. 

Fish-bolts are frequently damaged by the nse of too long a 
Hpanner, or by neglecting to oil them before screwing i 
nnserewing them. 

When a new rail is put in between two old oneB, the heads 
of which are worn down at the ends, it may bo necessary to put 
in liners or packing-pieces to raise the latter. 

On a curve the inner rails follow a necessarily shorter line, 
so that the inner rail-joints tend to got ahead of the outer joints. 
When this lead is as much as 2 inches, a rail cut i inches 
shorter may be put in on the inner side. In this way the 
inner joint will he tbrosvn 2 inches behind the outer, and 
twice the distance will have to be covered before tlie lead of the 
inner joint is again as much as 2 inches and another cut rail 
is required. If the curve be a short one, we need only cut off 
double the lead at the centre of tlio curve. 

When a fish-plate is found to be broken and another is not 
immediately at hand to replace it, the joint should be 
temporarily supported ty a piece of an old sleeper or other 
packing. 

A few engineers prefer to " stagger " the joints, especially on 
sharp curves; this arrangement was tried several years ago 
on an Indian railway, but the result was not considered to be 
satisfactory. 

Rail-joints are to be avoided as much as possible on small 
open top or girder bridges, or where a check-rail is to be 
put in. 
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II 48. — " Creep " or " Travel " of Rails. 

Thie ia one of the greatest difGcultiea with which the 
engineer and platelayer ia India have to contend, and a most 
tFOabl«Bome problem to deal with. 

The crui of the whole matter lies in the too tight lateral grip 
of the fieh-plates, which prevents each rail from expanding 
independently, and causes ft " creep " to bo rigidly transmitted 
along the line of rail in the direction of least resistance. If 
the sleepers are £rmly anchored and the fastenings hold the rail 
uo that it cannot slide on them, the rails tend to hucklo ; if not, 
they must creep. Sometimes this tight frictional grip follows 
from the particnlar form of the rail and fish-plate. The latter 
may be too long, or else, instead of only being in contact under 
the shoulder and upon the foot of the rail, it may fit closely to 
the web also, so that when screwed op it presses tightly against 
a large surface of the side of the rail. But the chief ftinlt will 
often tie with the adoption of a section of rail having too great 
a fishing angle—in other words, the slopes of the upper and 
lower fihoalders are not flat enough. In this case the fish-plato 
does not form such a direct support, and the bolts have to he 
tightly screwed up. The angle between the fishing" planes of 
English rails is frequently as wide as 50° or 60°, but should not 
be more than 30°. 

When, howcTer, we come to inquire in which direction the 
creep takes place and why, it is almost impossible to give a 
satisfactory reply. On a double track the tendency of tlie creep 
will probably be in the direction of the trafiic on each road ; on 
a single track in the direction of the heavier tra£Bc, or from a 
higher to ft lower level. 

Moreover, this gonerftl movement or ploughing up of the 
rails by heavy traEGc in one direction or the other will almost 
invariably nlTect the right and left lines of rails unequally, so 
that the joints are thrown out of s()Uare to a serious extent. 
Not only so, hut the right and left-hand rails often travel in 
opposite directions. 

F 2 
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WlMTeTCr inetieiU*, ktjm AtmM \t dirmi in tke amw 
dineCioB aa Ae teat* taarali. "nna taamOt be done when Hie 
Java and k^a are tapered — ndeaa, aa «a Ifce Gnat IndiaB 
PeoiiuiUa Bulw:^, Uie jawa are li^t and left-landed — aad 
in tiiu cxde, the leaiataaee to nwrcaent bm^ of Aa natara of 
a iwaf4e, the cAact of espaiMioB or oontnetion mart lend to 
bade aod looaeo tbe kejra an one nde, ao that the Tafla are liable 
to tnvd in opponle dinctiona. In England ibe ja<rs and keys 
am parallel, and Ibe latter vaj be driren in either direction — 
on a double line in tbat in which the train travels — and, at 
joints, the kejs n»y be driren towards the end of the rail, 
which enables the joint sleepers to be spaced as near to each 
other as will allow of easy packing, and thus materially relieTea 
the strain on the fish-plates. 

BUiel sleepers are, perhaps, best able to resist the creeping 
muvement, for their sharp edges preTent them from sliding on 
the ballast, and the rail is held very tightly by the lugs and 
keys. Here, therefore, the tendency is to buckle, and it ia 
oft«D diffioalt to keep a perfectly straight rood, however heavily 
ballasted. 

Wiiod sleepers move more easily, but, if they hold, angle 
fish-plates with notches to hold the heads of the spites at the 
joint sleoiiers will prevent the rail from sliding on the spikes. 
This will stop creep on single lines, but on double lines it is 
also advised to fasten the joint sleepers to the next and, perhaps, 
iithors with wood or iron bar fastened down to the sleepers, or 
else to fix struts between them. 

Tlio rounded shape and smaller surface of frontage of pot 
Bkepcrs afford the least resistance of all to the creep movement, 
but supposing them to stand their ground, the whole matter 
dopondH filially upon goo<! keying. 

If creep he olloivod to accumulate, its correetion becomes a 

tfldiouB and costly operation. The fish-bolts for some distance 

have t'j bo taken out, oiled, and replaced, the rails to be pulled 

■ .■qiiare in opposite directions, and one pair to be taken oat and 

Hplooed by two cut rails as closers. 
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Little more Las been done, it must be acknowledged, in the 
preceding remarka than to set fortb tha difficulties and com- 
plications which beset the question of creep. Scarcely a single 
explanation can be put forward in any one case which is not 
apparently contradicted by the opposite oircamstancoe of 
anotlier. 

f 49,^ — Maintenance of Wood Sleepers. 

The guard sleepers — those next to the joint— should be 
spaced closer together thm the others, and it would be as well 
also to have the internals botueen the guard and seuoud sleepers, 
and between the second aud third from the end, somewhat lees 
than between the others. 

On the London aud South -Western Eailway, for example, 
with 11 sleepers to a 30-fuot rail, the space between the guard 
sleepers is 2 feet 2 inches, the next interval is 3 feet 5 inches, 
and the rest are 2 feet lOJ inches. On the Midland, with 
11 sleepers to the rail, the space between the guard sleepers 
is again 2 feet 2 inches, but the second interval is only 2 feet 
3 inches, the third is 2 feet 9 inches, the fourth 2 feet 11 inch^, 
and the rest 3 feet. On the London and North-Western Boil- 
way, with 10 sleepers to a SO-fuot rail, the Gj>ace (including 
one-eighth of an inch fur clearance) between the gunrd rails 
is 2 feel i^ inches, aud all the remaining intervals are 3 feet. 
With a marked rod there is no difficulty in spacing the aloopers 
as required. 

Sleepers should be laid with the heart-side downward. 

Fur double or bull-hoaded rails the sleepers are adzed on the 
sap-side just enough to give the chair a good hearing, are bored 
right through for the fastenings, are creosoted, and arc then 
seut out with the chairs already fixod on ; or the chairs may be 
fitted on at site. For flat-footed rails the rail-seats of the 
sleeper are adzed to a slope, so as to give the r^iil a tilt 
inwards of 1 in 20 to fit the coning of the wheel-tyres; this 
may be accurately done and the holes for the dog-spikes may 
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be drilled correctly, liefore tlie sleeper is sent ont, if k proper 
tomplntc bo applied witli liolea tbrough which tLe anger may 
bo puBscd. Wbou beariiig-platea are used, the tilt ia given 
to tbo rail by the plutea, and (oa with chairs) all that is nece»- 
eary is to level Bud drees the portion of the sleeper on whiob 
they roet. All boles for siiikos, &e^ must be bored right 
through the elocpcr. An auger of ratlier smaller siao tbkti the 
reqntrod bole ehonld be nsod for doodar or other soft wood, bo 
that the s])ike, when driven, may fill the hole cDupletely. If the 
point of the anger will not bold, it should be oilisd, not forced. 

In Article 37 the method of spiking down a flut-footed rail 
to wood sleepers is briefly described. The guard sleepera 
should be spiked first, and then the intermodiuto onei. The 
reclauguUr dog-spikes must be driven vertically and B(]iiar(i to the 
rail. Should the sleeper be of vory hard wood, liable to split, 
the Bpiko may be Inbricntod with soap before it is driven. In 
applyiog the gnngo, care must be taken to place it at right 
angles to the rail on tbo straight, and normal to the mil on a curve. 

When putting in a now sleopor on a chair road, the key of 
the chair is first driven tight, tbo sleeper is then placed evenly 
under the cbair^eqnare to the rail and properly spaced — and 
is firmly bold up to the chair with crowbars, while the holes 
are bored and the spikes or trenails driven ; it is usual to tar 
the beads of tbo latter before they are used. 

Bearing-plates and dog-spikes make an excellont fastening for 
flat-footed rails, but, unless the traffic is fust and benvy, it will 
gouorally bo sufficient to use the bearing-platetiat joint sleepers 
only on a straight road, provided that the sleepers are of good 
quality, 

When a sleeper is no longer fit for nwe at a joint, it may Btill 
do service as on intermediate. The joint sleepers are the most 
Boverely tried, owing to tho joints, however good, yielding more 
than the body of tbo rail ; tho middle sleepers nest require 
careful attention ; the remainder ore less important. It is in 
this order that tho renewals of sleepers, therefore, ehonld geno- 
lally be carried out, rather than in coutiunous lengtlis ; and 



PLATELAYING, AND POINTS AND CROSSINGS. 71 

economy can be secured by sbifting partly worn gleepers from 
ono position to another of lues importance. 

It is seldom foasiblo to turn over a sleeper in India, for tbe 
under side is not only torn by sbarp-pointed beaters or by tbe 
balloBt-pscking, but often partially destroyed by white ants, 
even while the top is still fairly good. 

If the bases of chairs do not cover a sufficient area there is a 
tendency to cut into the sleeper, the more so as the long edges 
of the chair run in the direction of the wood-fibres. If, how- 
ever, the keys are kept tight and the ballast is Gound and well 
packed, there will be less tondeucy to rock, and the chairs will 
not dent the sleepers so badly. Even when thus injured the 
Bleepera will sorve their time, if undisturbed. When a key Is 
found to be slack, the cbair-Boat ought to be thoroughly well 
scraped and cleaned before the key is driven tight again. 

All old epike-holee should be filled with tarred wooden 
plugs, neatly driven in. When the epike-holcs are badly 
worn or rotten, the aleopor may be shifted a little trans- 
versely, so that new boles may be drilled. But if only one 
chair on a sleeper rei^uircs renewal, the old spiko-hole sbonld 
be plugged and rc-borod for tho new chair, the opposite chair 
not being touched. 

When a new sleeper is put in, tlie old bed of ballast should 
be beaten up first, and the boxing should not be filled in for 
some days, during which the sleeper may require a little 
packing. 

Sleepers which are getting into bad condition should not, as 
a rule, be covered over with ballast, but eiposod nntil it is 
necessary to remove them. In a dry district, however, this may 
not be advisable, for fear of the sleeper being burnt by droppings 
from the fire-box of the engine. 

Wood sleepers should be opuned out for inspection after the 
rainy season, and will thus, moreover, be thoroughly dried. 

When sleepers got out of square the Bj)ikBs should be drawn, 
the sleepers replaced at right angles to the rail, the gauge 
applied, and the sleepers respikod. 
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Tf a Irrase eleoper is seglectcd for some time, tbe rail will 
begin to fail at tLat place ; every train nill drop lieuvily on the 
loose elocper and nggravate the mlEuliief ; and the mil, which 
might have lasted for years, ia rapidly spoiled. While working 
regularly ttrongh his length, therefore, the mate should also 
attend to theso isolated cases of loose sloepers. The gang can 
pack a certain portion of road, say a furlong, in two days. On 
the third the mate or wrenchman should take one or two gang- 
men over the whole length to pack loose sleepers, while the rest 
box and dress the ballast. 

Old sleepers, when taken out, should be piled in smnll stacks 
at some distance from the line and from each other; earth 
should be thrown on the top of each stack, and the ground close 
by cleared of grasH or other rubbish liable to catch fire from 
sparks from a passing engine. 

In laying bridge sleepers, the distance between girder and 
rail is to be carefnllj measured from point to point. The 
sleepers should then be cut accordingly on the lower side and 
marked for their places, so that diffcrcDccs due to camber of 
girder, rivet-heads, and cover-plates may be allowed for. 

50 — Lifting, Packing, and Boxing. 

On the i' 8^" gauge, for a double road, with a " sii-foot " 
way, the formation is made up to a width of 80 feet, and 
dressed off from centre to edge at a slope of 1 in 30 (see 
Fig. 1, frontispiece). 

Since it is far easier to lift than to lower a load, less ballast 
is spread as a foundation on the formation than will ultimately 
be required under the sleepers. 

The materials used for ballast have been described in 
Article 2. 

Sleepers should be well packed directly nnder the rail-seat, 
and to a distance of 10 to 18 inches on each side, according to 
the gauge ; the middle and ends should be only loosely filled 
with ballast. The joint sleepers should first of all be packed. 
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then the istermodiiito oneg, and lastly tlio joint sleepers again 
before the road is boxed up. A groat deal depends on good 
pEMiking ; a Ioobq road causes rapid wenr. 

Gangmen, unless prevented, oro mucb given to driving a, big 
piece of stone or kiinkor nndor the sleeper, from wliieb treat- 
ment the sleeper suffers considerably, nbile the apparent firm- 
ness of the paukiiig ie del naive. 

One of the first conditions of a good road is to koop the 
joints straight and level. 

The height-board or straight-edge used on the 5' 6" 
gauge is a plank, 6 feet long, aboat 8 inches deep, and fitted 
with feet at either end to steady it, when placed on edge, on 
the rails. The height of the sighting-boards— which iire used 
to determine whether intormediato points are to be picked up 
or lowered — corresponds with the white line of the height- 
hoard or straight-edge. 

The latter should not, as a rule, be placed further than 300 
feet away from the lifting- point. The rails across which it is 
placed, and those at the lifting-point, should, first of all, be 
bronght to eiact level by means of the spirit-level. One sight- 
ing-board is placed by the lifter, and over this ho sights the 
white line of the height-board with the intormediate sighting- 
board, which is placed on the joints and middles of all inter- 
vening rails, and indicates whether the line at each point ia to 
be lifted or lowered. On curves the stepped cant-board is 
applied to the lower rail to carry the height-hoard on the 

The joints are the important points ; for example, when old 
clayey ballast cannot at oace be entirely renewed, it should 
first be removed from nndor the guard sleepers and there re- 
placed fay clean Btu£ In picking up slack joints, the ordinary 
crowbar will be fonnd to be handy and ^uite suited to the 
purpose. 

A new or lifted road should not be fully boxed for some 
days, in order that it may settle and be packed up, as required. 

In boxing (t'ig. 1, frontispiece), it is not usual, on the 
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London and North- Western Builvniv, to fill in the ballaet above 
the top of the sleuperB ; on the Midland and Great Eastern 
Eitilways iUbo, it is no higher between the rails, but in the 
ais-foot way it is nearly flush with the rail, and on the outside 
it curves off from the top of the chair. In India we like, as a 
rule, to have the rails and fastenings bare ; but, in a dry and 
hot climate, it is advisable to lay on wood sleepers a light top 
dressing of ballast to protect them from fire from ash droppings, 
and at least suf&ciont ballast should be spread beyond the ends 
of the eleepors to cover them Ireely, when the ballast takes its 
natural slope. 

Boxing the ballast on the foot and side of the rail helps to 
make a silent road. Many engineers attach great importance 
to the boxing outside the rails, forming heavy banquettes. It 
is a mistake to suppose that the more weight of the ballast is 
an unimportant factor ; it is not easy, for example, to steady a 
rood with a light cinder-ballast, and, with such a material, a 
full banquette ia absolutely necessary. 

Grips must, of coarse, be cut, and cross-drains put in between 
— Bay — every fourth or fifth sleeper (but that will depend upon 
the rain and soil), so that no water may be allowed to lie on the 
line or under the ballast 

In lifting a wood sleeper road, it should first be stripped of 
ballast to make it as light as possible, and thus prevent the 
spikes from drawing when the road is forced up with heavy 
levers. The rails, not the sleeper, should be licld up with the 
lever, and both rails should he lifted together, the levere 
being held in place until the joints are firmly packed, the inter- 
mediate sleepers being then packed, and lastly the joints again 
beaten up. The old bed ought always to be broken up and 
renewed with fresb ballast, Four men should bo put on to 
pack a sleeper, and they should beat the ballast nnder both sides 
equally. 

A road must not be lifted more than three inches at a tima, 
the elevation being made up, if necessury, by repeated lifts of 
than three inches. The lift should be made towarda 
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approaching traine on a double line, and from a lower to a 
level oa a single track, the elevation being worked off at 
id with an easy grade. 



51.— Treatment of Metal Sleepers. 

The trough-shaped steel sleeper is packed in very much the 
Bome way as the wood sleeper, i.e., the ballast is packed tightly 
Tinder the rail seat, and to a distance of 10 or 15 inches do 
each side, the middle being loosely filled, and ut least sufficient 
ballast spread beyond the ends to cover them, and keep the 
ballast filling from slipping out under tlie edges. 

The steel keys should be driven with a light hammer and 
tiie ends split. 

In renewing steel sleepers the old bed ought always to be 
dug up and renewed with fresh ballast. Steel sleepers newly 
laid require considerable attention until they have become firmly 
bedded. 

A cast-iron pot sloopRr put into the road as a renewal is apt 
to break, if packed up too much, and to secure an even bearing 
it is advisable to open out and repack one or two sleepers on 
eooh side. Tie-bars should be gauged beforehand, and keys and 
cotters driven with a light hammer. If one pot alone is to be 
put in, a hole may be dug, and the pot canted into place. Onr 
pots frequently break in the koy-seat ; this can be detected by 
the key lying loose in the jaw. If, through bad packing, the 
bowl be broken, the fact will be evident from a ring of loose 
ballast over the rim of the pot. Care should be taken, however, 
to consolidate the filliug, so that the adjacent pots may not be 
overweighted and broken. 

When pota " blow," the best wny fo secure the packing is to 
open out the earth to the rim of the put, pack small ballaBt 
under it with picks, iill in earth or sand from the top as usual 
with pnnners, and with the addition of a little water this will 
bold firm. 
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A clay packing will [irobably set hurtl and Bhrink during the 
Lot weather, and sbould be biokeu up, or tlie pot may split. 

The iinportanco of good keying is obvioua. Pot Bleepers at 
joints often got out of square and tighten tbe gauge. This ia 
due to neglect on tbe part of tlio kuyman. 

Not unfrequtntly tbe key is so carelessly driven that the mil 
is tilted too much inwards and tbe edge of tbe roil sheared off 
by tlio jitw. 

Tbe rail should be exactly fitted in its proper position, and tba 
key, if firmly driven, tbcn acts as a cushion as well as wedg 

Accumulation of rust and dust between tbe rail and chair- 
seat and slock keying are tbe chief causes of tbe under table of 
rails being dented. Tbe breakage of pots may also be traced 
almost invariably to slack keying. 

In liftiDg a pot road, all filling and ballast should be removed 
and replaced with fresb pocking. When the rail is tilted too 
roach inwards from careless keying, the lifting should be done 
by applying tbo crowbar from the inner side of tbe rail. Indeed 
the rails ought to be unkeyed, lifted from tbe obnir-seat while 
tbe latter is flcrajied and cloanod, and the key carefully re-driven. 

A gang of nine men and a mate might thoroughly lift, pack, 
and reballast a quarter of a furlong a day. 

The poicts to be observed in packing the cast-iron D. 0. 
sleepers have been alluded to in Article 27. 



As previously eiplalned, short rails have occasionally to be 
put in on tbe iuner side of curves to correct the advance of the 
inner rail-joints. Joints gain a lend on tbe inside equal to 
' — T . ■■ ' ■ — (where C = longtb of rail) and, when the inside 

rail leads 2 inches, it is shortened by 4 inches. 

To dctermino the araotmt of slock gnuge to be allowed ou 
sharp curves, we might find what is the versed sine on a 
chord whose length is that of the maximum rigid wheel-basa 
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plus the distance beyond to the points where the wheel-flanges 
touch the inner edge of the outer rail. This would, perhaps, 
give us a satisfactory result with rigid six-wheelers, but the 
flanges have already a certain amount of play within the gauge, 
and the journals and axle-boxes will yield somewhat. The 
conditions are neither definite nor constant, but the formula 
usually adopted is — 

in which we adopt the following values : — 

C = actual maximum rigid wheel-base in feet, 
B = radius of curve, also expressed in feet, and 
t; = versed sine in inches. 

This approximate formula is derived from the exact formula 
R = ^ — |- _, by neglecting the last term, and modifying the 

first so that v may be expressed in inches. 

Thus, on the 5' 6" gauge, with a maximum rigid wheel-base 

of 16 feet, this would give us — 

384 

Accordingly, on this assumption, the allowances for slack 
gauge might be as follows : 



E 


V 


512 feet 


f inch 


614 „ 


5 

■ff »> 


768 „ 


i .. 


1024 „ 


-J .. 


1536 „ 


i ,. 



while curves of 1600 feet radius or more should be spiked or 

keyed to straight gauge. 

Similarly on the metre gauge, with a maximum rigid wheel 

base of 10 feet, the formula 

150 



V = 
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would give lis slack gaugo aa follows : — 



i 



hA 



300 feet If inch. 

400 » i .. 

600 „ I i „ 

curves of more tLan GOO foot radius boiug laid to straight gauge. 

Great caution aliould, howover, bo obaerTOd in the allowanoe 
of slack gauge on curves. For example, in a Bii-wheoler, tho 
flanges may have as much as J-inch sido-plaj hetweon the rails ; 
the journals and axle-bosos may account for ^inch more ; the 
slack iuoreaeeB as the wheels wear ; and the flanges of the 
middle wheels are frequently turned thinner than the others. 
With well-designed stock it may almost he said that widening 
of the gauge will generally be unnecessary. 

Double- or bull-headed rails — especially if of steoJ, which is 
80 much more elastic thau iron — are adapted to ordinary curves 
with greater ease than flat-footed rails ; and, if it is necessary 
to bend tho latter, they should first ho cautiouBly heated. The 
middle ordinatea in inches may he calculated by a similar for- 
mnla to the one above quoted : — 

t> = j^ (approiimately) ; 

where C repiesentB the length of the rail in feet. At the end 
of the book is given a table of middle ordinates for different 
lengths of rails and radii of curves. 

Some platelayers " stagger " the joints with flat-footed rails 
on sharp nnrves, to prevent the sharp elbows which are so often 
seen when the joints are opposite. 

The next matter to consider ia the cant or snper-elevation of 
the outer rail. Avoiding the unscientific term *' centrifugal 
force " in this connection — for the tendency of the train ia not 
to fiy outwards from tho centre, hut to move in a straight path 
— it is clear that, to change the direction of its movement so 
as to follow a curve, it ia necessary to introdnce a new force, 
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^ways acting at right angles to the etraight line in which the 
train tends to move— in other worda, a force normal to the 
curve. In doing this wo aro simjily following Newton's first 
law of motion. The force of gravity is therefore indncod to 
efFeot this change of direction by canting the permanent way, 
either entirely by lifting the outer rail, or partly by also lower- 
ing the inner rail. The cant should begin before the springing 
and finish beyond the end of the curve, the rise or fall increas- 
ing or decreasing at a grade of— say — 1 in 600. In fact, the 
cnrre does not (or should not) end abruptly, but is gradually 
eased off into the straight, the curvature and cant diminishing 
together. 

_ XiGt E = the required cant, 

^m V = maximum velocity of trains, 

^1 R — radius of curve, 

G = gauge, 

g = acoelerative effect of gravity, 
Then E 3 V^ 



32-2 kJ 

Otherwise, the chord C may be determined, the versed sine of 
which on any curve will give the required cant. Substituting 

g~^ for B in formula (2) we obtain 

- J V :*/ G (approsimately). . . . (2a) 
It ia convenient, however, to express E in inches, V in milea 
per hour, and G, C and R in feet. Adapted to these units, the 
fonnuln aro modified as follows ; 



GY^ /6280Y 
' 32-2 E ^ UeoO/ 

a v^ 
"" r25Ti (»pp''°^'»^'*iy)- 



.(26) 



.(2c) 
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■'• C = ^J V VG (approiimately); . 
and iiom these formnlte we deduce : — 

,., ,„ , _, 4-4091 V- 

(6 6" gauge) E = 

(5' 3" gauge) E = 

(5' 0" gauge) E = 

C4' Si" gauge) E = 

(3' 6" gauge) E = 

(metre gauge) E = 

(3' 0" gauge) E = 

C having been thus oalculated, a string of this length is 
stretched from one point to another on the insdo of the curve, 



4-2087 V» 


B 

4-0083 V* 


It 

3-7744 V* 


K 

2-8058 V^ 


K 
2-6302 Vi 


B 

2-4050 V^ 



iii,: 



c = 


1-72 v' 


c. 


1-68 ¥ 


c = 


1M¥ 


c = 


1-59 V 


c = 


1-37 T 


0. 


1-33 V 


c- 


1-27 T 
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station yards nliere speed is necsBaarily low, no cant may be 
required. 

On fihaTp curves with flat-footed rails, check rails and a slower 
epeed are preferable to too great a cant, since the teudeucj is to 
tbroiF the weight of the train too much on the inner rail in the 
latter cose and to draw the spilces. In England, flat-footed 
raiU, on curves of 15 chains (090 feet) radius or less, must be 
held to gauge by iron or steel ties at suitable intervals ; and, 
OQ curves of 10 chains (660 feet) radius or lees, a check rail for 
the inner rail must be provided. In India, on our 5' 6" gauge, 
Sir Alex. Bendel would lay check rails on curves of SOO foet or 
less, on grades of 1 in 100. 

A long and rigid wheel-base throws great strain on the 
fastenings on sharp curves. American "Bailrood" men epeuk 
well of our permanent way, both in England and in India, but 
ore critical about our rolling-stock. Uneasy running — -they 
Bay— may as often be attributed to too great rigidity in our 
carriage-frames, where we adopt bogies, or to too short a wheel- 
base and too much overhang in our four- wheelers, or to weak 
buffer and bearing springs, or to loose coupling, oh to defects in 
our permanent way. 
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53. — Laying Pointa and Crossinga. 



16 more obtuse crossings, having an inclination of l-in-5 or 
l-in-6, are only used in temiwrary aidingn, or sidings to which 
engines ore admitted, except when such a crossing is laid with 
two curves of contrary flesnre, and forms the junction between 
two split lines, as in Fig. 17. lu this latter case, supposing the 
arrangement to be symmetrical, the radius of the diverging 
correa is equal to twice the radius of the curve which ie put in 
for the same crossing off the straight, bb in Fig. 16. Thus, on 
the 5' 6" gauge a l-in-6 crossing forming the junction between 
two split lines (Fig. 17) would be as easy to run over as a 
l-LD-8^ crossing laid in for a siding leaving a straight main 
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line (Fig. 16), the rodina of the curves being 800 feet in either 

Medium crosainga, having an inclination of l-in-7 to l-in-lO, 
are need for ordinary work in etation yards. 

The more acute crossings, from l-tn-lO to l-in-12, are 
required for facing points on ronin line junctions and similar 
positions, whore an easy curve is of more importance than 
economy of apace. On the Highland Eailway single lino 1-in- 
16 croBsings are used for facing points, and these are spread, bo 
that the radius does not exceed 483S feet, and one is scarcely 
conscious of running on a curve; the switches ore 18 or 21 feat 
long. But, for ordinary purposes, on tho 4' 8J" gauge, a 1-in-lO 
crossing is generally easy enough, the curve of the straight 
having a radius of about 950 feet. 

The lead of a crossing is the distance measurad on the 
straight, from the heel of the switch to the intoisectiou of the 
gauge-lines en the crossing. It is generally calculated with 
reference to that portion of a wuform curve which is inter- 
cepted between the heel of tho switch and the nose of the 

It is by no means necessary, however, to have a nniform 
curve &om heel to uoso. If a longer than tho correct lead bs 
put in, the curve will bo flatter at tho heel but sharper at the 
uoGC^ — and this, of course, is the worst possible arrangement ; 
the idea of some platelayers that a crossing can be improved by 
putting in a long lead is utterly absurd. If, on tho other hand, 
a shorter load be adopted, wa shall have a sharper curve near 
the heel, but we may also have a piece of straight over the 
crossing itself; so that this is the best arrangement of all when 
a sufficiently acute crossing is choseu to admit of the carve 
being made somewhat sharper at the heel. 

The most common arrangement is that shown in Fig. 2, 
where one line turns out with a curve from a straight track, 
and the manner of laying points and crossings in this way will 
now be explained , 

First of all the straight line is spiked with its stock-rail and 
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switch ia poEition. The opposite stock-rail and switch can thea 
be placed to exact gauge, and the lioel-chair spiked down. The 
siding Btock-rftil should be beut in dightly, just heyoad the toe 
of the switch. While the jim-crow is still applied to the rail, 
the chair at the toe of the switch, the one in front, aud the nest 
slide-chair behind, should be spiked to sumcwhnt tight gauge, 
and afterwards the rest of the alide-chairs. The tightness of 
gauge near the toe of the switch will disappear when the first 
train has passed over the crosaing. 

Similarly, in putting in the crossing, the chair or lug of the 
crosaing on tho straight line side should first be spiked, and 
then those on tho other side. 

The gauge, saja Mr. Barry, should generally bo j or ^ of an 
inch tighter at the points aud crossing them at other parts of 
the lino, in order that the wheels niny have less lateral play, 
and not strike tho toe of the switch or the nose of the crossing. 
As a rule, we may adviso that the gauge be a little tight in front 
of the points — in order to pull tho train together for its approach 
and prevent oscillation — easy between the hoel and the nose, and 
esact at tho nose of tho crossing aud heel of tho switch. It has 
prcTiously been mentioned that sometimes (as in the Great 
Western Railway) the stock-rail is cranked so as to house a 
blnuter switch-toe than usual. 

The cant, obtainable only by lowering the off siding rail, 
should begin at the butt of the stock-rail, and (nuless there is 
a piece of straight over the crossing) be continued right through. 
This adviee — to allow cant at the crossing- — is by no means 
orthodox, but will be justified by trial and experience. To got 
a cant here the off rail must bo countersunk, and it will be 
difficult to obtain more than an inch, but even this will 
materially assist the wheels over the curve and prevent them 
from mounting tho nose of the crossing. 

It is obvious, however, that a cross-over road must be on one 
dead level, for there ia no room to rnn out tho opposite cants 
before they meet midway. 

The check-rails should be placed welt forward to protect the 



84 XOTES OS FEBMAKEST-WAT MATBBUX, 

Doee of the crossing, snd not so far iMck u to nuke ona think 
th&t their pnrpoee w^g forgotten. 

Too many long sleepers should not be nsed. Tfazee or four 
will be required onder the crossing snd two st the end of the 
switches to carry the loTer, and these shonld be of aotind hard 
wood. Bach as teak or s&l. Bejond the crossing the Bhort 
sleepers of each road shonld be so laid altem&telf that they 
may easily be packed together, and that the dividing roads may 
bo independently adjnstable. As stop indicAtors, we in India 
sometimes fix a whitewashed half-roonded slaeperin tlte middle 
way, to mark the fonliner-point in shunting. 

In all Rtatiun jutiIh i^jiuru pOLut-^.lds, chairs, and BwitohflS 
ehould be kept ready for immediate renewals. 

54. — Level Crossings. 

To keep the wheel Saage paBsages clear a check <rail is laid 
on the inside of each rail, and the space between should be 
cleared of dust and rubbish by the gateman, who ought also to 
water the crossing before a train is expected, to prevent dnst 
from getting into the working parts of the engine. Sometimes, 
and with advaiitage, a check-rail is laid on both sides of the 
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of maintaining tlie permanent way will occasionally appear to 
be irregular and excessive. This cannot always be taken as a 
sign of imperfect maintenance on the part of the engineers and 
platelayers. It is more often due to starving the renewals when 
the revenues of the railway are low, and allowing the defects 
to accumulate until heavy special renewals are suddenly and 
imperatively needed. 

The statistics of renewals during any one year are seldom 
significant taken by themselves. Moreover, the distinction 
between special and ordinary renewals is frequently fallacious : 
for the former may be, as explained above, an accumulation of 
renewals which should have been regularly carried out in the 
ordinary course of maintenance. One exception to the assimi- 
lation of special and ordinary renewals would be a replacement 
of a certain class of road by a more substantial one capable of 
bearing a heavier and faster traffic. This should be charged in 
part to Capital ; the rule on Indian State Railways is to charge 
all the labour and an amount equal to the original cost of 
material to Bevenne, the difference between the original cost of 
the discarded permanent way and the cost of the new material 
(if greater) being debited to Capital. 



NOTES ON PEBMASENT-WAT VATEBIAL, 



CHAPTEE III. 

POINTS ASD CROSSINGS. 

66.— Object of Pointa and Crossings. 

\t ImB rtlrcfvlj' I'uen cxpIaincJ tlmt iho use of poiste and 
croBJiiu^s is t<i oiiublo truiuK to puss from one pair of metals to 
auotliur ; tLiit tbu snitulies arc short tuperiug steel rails, one 
prcBHing aguiuHt odb stuck-ruil to divert the train from the 
uriginul lino, nud the otbei' drawn away from the other stock- 
rail to allow tiiti triiiu to jitisa uu that side ; and that the main 
lino rail le crossed by ujenue of a. croBsing (of caet steel, or 
built lip of stcol rails), tho nose of the crossing being at the 
intersection of tlio gnuge'linee of the crosfiiug rails, which here 
dJTorge tu form protecting viugs. 



57.— Definitions. 
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other words, the gap between those rails plus the breadth of 
the head of the rail. 

Inclination number, or number (to jput it shortly) of the crossing, 
— The cotangent of the angle of the crossing ; it is measured 
by the distance from nose of crossing at which the perpen- 
dicular offset from one gauge-line of the crossing to the other 
is unity. 

Curve-lead, — The distance from springing of curve to nose 
of crossing, measured along the straight. 

Switch-lead, — The distance from springing of curve to heel of 
switch, measured along the straight. 

Lead of crossing. — The distance from nose of crossing to heel 
of switch, measured along the straight. By one method of 
calculation it is equal to the curve-lead minus the switch-lead. 

58. — Symbols. 
G = gauge. 
a = angle of crossing. 
I = cot a = number of crossing. 
Z = length of switch. 
d = clearance. 

8 = sin ( r J = aiigle of divergence of switch. 

i = -z = inclination-number of the switch. 
d 

B, El, E2 = radii of curves of intersecting rails. 

L' = curve-lead. 

V = switch-lead. 

L = lead of crossing. 

59. — Two Methods of determining the Lead. 

For the purpose of primary investigation the simplest case 
may be considered — that of a turnout from a straight line — 
but it will afterwards be seen that the application to cases 
where both lines are curved is easy. 
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In ileterminiiig the lead hy the first method, the carve IB 
ossiiniefl to lie tongetitially opun the gauge-lioe of the switch- 
rail, springing froiu it at the heel and croasing tlie ioBer 
straight roil at the proper angle. The cuire is not referred in 
ouy way to the gauge-line of the outer rail. Wo do not take it 
for gi&nted that a switch will be used which will suit a pre- 
vioasty determined curve, but accept a certain switch, clearance, 
and crossing, and make the lead and cnrve suit those oondltioDS. 

Bj the second method the first step is to determine the radius 
of the curve which wonld lie tongentially npon the gauge-line 
of the outer straight rail and cross the inner straight rail at 
the proper angle. The curre-leod may then be fonnd, and also 
the switoh-lead, the latter covering that portion of the curve 
which (being intercepted between the heel of the snibih and 
the theoretical sp ringing-point on the gangc-line of the outer 
straight rail) is imagiuarj. The lead of the crossing is simply 
the diffeienco between the curve-lead and the switch-lead. 

Of these two methods, the first is more immediately suggested 
by what occurs in practice. If the lines were laid according 
to the second method there would be a kink at the heel unless 
the switch were of a certain length. Now, as a matter of con- 
venience the same switch is often used for different croBsings 
and cannot possibly be correct for more thou one. The curve, 
therefore, requires generally a little adjnetment to avoid a Mnk 
at the heel of the switch. This cannot occur when the first 
method is adopted, since the given switch is at once mode a 
datum line from which the carve starts. As, however, it is 
convenient to have certain leads laid down for certain crossings, 
without reference to the length of the switch, the second method 
is usually followed, and the slight error due to using a switch 
whose length is not that of the tangent to the imaginary p 
of the curre may praotioally be ignored. 
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60. — ^First Method. Lead of Crossing. 
Beferring to figure 1, 





^ . — 1 /d\ 




8 = Bin (j) 








'=d 


as defined. 




Then, 






Z CED = Z KCE 




= Z KCF+ ZFCE 




= Z KCF+ zFEC 




=a+8- ZCED 




^ /^-riT^ a + 8 



Moreover, 

L = DE 

= C D cot C E D 

/. L = (G - (?) cot (^-^) (3) 

Hence, 

a o 

cot o ^^* 9 "• 1 

i^ = (Q-d) ^ 

cot - + cot 2 

4 I « — 1 

"^ ^^ "■ ^^ 2 (I + i) (aPP'0^™a*ely) 

It 1 

.'. L = 2 (G — (^ ^ . (approximately) I 

11 

= 2 (G — (?) (approximately) 



(3a) 
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61.— First Method. Radius of Crossing. 
AgaiD, referring to figure 16, 
CE = 



Q-d 

But~ 

C E = 2 E Bin (^-J-^) 

.-. B = i (G - d) oosec (^^ coeec (^-^) . . (4) 

62. Second Method. Radios ofCrossing. 

Beferring to figure 16, 

E = ^4- (5) 

rersin a ^ ' 

This will be a convenient formnla if the crossing is described 
in terms of the angle, and that angle is simply expressed. As, 
howcTer, R is found by diriding a small number by a t>«rjr 
suiaII number, the slightest roughness of approximation in the 
tult conHiderftblv. Hence, if the 
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From the last we obtain the following special approximate 



formulae : — 




Gauge. 




5' 6" .. 


.. R = 11 12 + 8-25 


5' 3' .. 


.. R = 10-5 P + 7-87 


5' 0" .. 


..11 = lOP + 7-6 


4' 8i" .. 


..11 = 9-4166 12 + 70-6 


3' 6" .. 


.. R = 712 + 5-25 


metre .. 


.. R = 6-5618 12 + 4-921 


3' 0" .. 


.. R = 612 + 4-5 


2' 6" .. 


.. B = 512 + 3-75 



. . (56) 



63. — Curve-lead. 
Again referring to figure 16, 

L' = B sin a . . 



and, by easy transpositions. 



L' = 



R 



V(i + P) 

R 



= J (approximately) 
or, in terms of G and I, 



L' = G(I + Vl + P) 

= ^(^^ + 21) Uapprox.) 
= 2GI 

or, again, in terms of G and a, 



a 



L' = G cot ^ 

G sin a 



1 — cos a 



moreover, 



2 R - G : L' : : U : G 



.-. L' = V(2R -G)G 
= ^ 2 R G (approx 



(6) 



(6a) 



(J) 



(7a) 



.)}... (8) 
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From the approxiiiiftte formula 7 — 

we obtain the following epecial approximate formnlte : 



5' 6" . 


.. L'.iii + ?:l 


6' S' .. 


„ L'= 10-6 1+ - 


6' 0" .. 


4.1 

.. L' = 10 I + ^" 


4' 84" . 


.. L'= 9-4166 1 + 


ye" . 


.. L..7i+i;i^ 


metre . 


.. L' = 6-56181 + 


S'O" . 


.. L' = 6I + lji 


2' 6- . 


.. L. = 6I+'-±= 




64.— Switch-lead. 



■ m 
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will apply to the switch-lead ; and, by working out the simul- 
taneous equations between the practical extremes (l-in-5 and 



l-in-16), we arrive at 
formulas : — 

Oange. 

6' 6" 



6' 3" 

6'0" 



4' Sr 



. 3' 6" 

metre 
3'0" 
2' 6" 



•• 



ihe following special approximate 



= 2-7907 I -I- 
= 2-7267 I + 
= 2-66091-1- 
= 2-6576 H- 
= 2-0917 H- 

= 1-9908 I -I- 
= 1-872 1 + 
r = 1-6134 H- 



1-0125 \ 

I 
0-985 



I 
0-9635 

I 
0-964 

I 
0-752 

I 

0-72 



I 
0-671 

I 
0-54 



(10a) 



65. — Second Method. Lead of Crossing. 
To find the lead of the crossing we have merely to subtract 



the switch-lead from the curve-lead : 

L = L' - Z' 



(11) 



66. — Approximate Formulae for Leads. 

The approximate formula for the curve-lead, 

L' = 2 G I, 

gives us the well-known *^ platelayer's rule" for the lead: — 
'* The lead is equal to twice the gauge multiplied by the number 
of the crossing." This rule, however, does not give the lead of 
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tbe crossing but only the curvd-lead &om which the switch-lead 
has still to be dedacted. 

The following special approxiraato formalra are snfBciently 
correct: 
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67.— Curves of Contrary Flexure. 

In figure 17, 

B D2 - C D2 = A B2 - A 02 

A B2 - A C2 



.-. B D -CD = 



BO 



El + E2 - G* 
Again, 

B D = i (B C + B D - C D) 

But 



AD= VAB2- BD2 



••. v=.^:R,^-i(n, + n,-G + ^^:=^J (i3) 

An approximate formula which will be much more service- 
able can, however, easily be found. 

If 8 and G — 9 be the cross-distances from the nose of the 
crossing to the lines tangential to the curves at springing 



L' = a/2B,i8; and also 
L' = V2R2 (^ "- *) (approximately) ; 
whence, by eliminating 8, 



L' = \/ R V S ~ (approximately), .... (13a) 



and, in the same way. 



r = >/^^£ (approximately) (14^ 
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When the radii of the carves are eqaal, we obtain the follow- 
ing formnlfe, the case being obvionslj the same as if we halved 
the gaage and doubled the incIinatioD-nomber : — 

G 

^= aversin- (^^> 

2 

= 4 G la + I G (very cloeely)! 

= 4 G P (approximately) f * ' 

I'' = I'"°i (16) 

'^'"'j (") 

= K^' + ri)l(.pp».) •••(''■•) 

=301 ) J 

- ^(."-1)0 (") 

= VKG (approiimately) .... (I80) 
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and, finally, by a process similar to that by which the case of 
curves of contrary flexure was determined, 

L- = x/r.^ + i (r. - K, - G +^-~^J (21) 

Again, if s and G-{'8he the cross-distances from the nose of 
the crossing to the lines tangential to the curves at springing, 



/ = \/ TT^ — ^ (approximately) . . (21a) 



/' = ^^i^^ (approximately) . . .(22) 



69. — Lead of Crossing Constant. 

The formulsB for leads, thus obtained, in the case of curves 
of similar or contrary flexure are, however, of theoretical rather 
than practical interest. 

Once having found the crossing which will suit a turnout 
from a straight line or a turnout from another curve of similar 
or contrary flexure, the load as worked out by the formula) 
applicable to each case, will practically be the same. 

Thus, on the 5' 6" gauge, whether we put in a 7° 46' crossing 
for two curves of contrary flexure, their radii being 1200 feet, 
or for a turnout from a straight line with a curve of 600 feet, 
the lead will be 60' 7" in either case. 

This simplifies matters greatly. We have merely to find 
what crossing is suitable, and to determine the lead for the 
simplest case — that of a turnout from a straight line. Then 
this lead, provided the crossing be suitable, will be the same 
for that crossing, whatever the arrangement may be. 

It is also to be remarked that, when the radii of two curves 
of contrary flexures are equal, each is very nearly equal to twice 
the radius of the crossing, that is, twice the radius of the curve 
of a turnout from a straight line. ^ 
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70. — To I>etennine the CroMin^ 

with * enrre of ^Ten ndiiu from « straight 
mxtoQter 



line (Fig. 16). 

In thli oMe we Deed onlj expnae lonniU (Sa) 
fbnn: — 



1 = 



/(2B-G)« 



while fonnnla 5 beoomes 
E-G 



(23) 



(23a) 



by which the angle of croeaing mxj be determined. 
2. Cnrvee of contrary flexnre (Fig. 17). 
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or if — instead of having the radii given, to determine the re- 
quired crossing — we have the crossing and one radius given, to 
determine the other, — 

R, = A:L_2^L^ (24a) 

Ri Sin (.")-_ 

Again I, or cot a, is very nearly equal to J cosec ( „ ) when 
the angle is small, and 

i cosec (I) = i V /_ , ' 'gxG • 
•■• ^ "^ \/2 (Bi + Ej) U (approximately) . , . 



(24&) 



and, when the radii are equal, 

4EG-G'' 



sin^(«) = 



4R2 

(25) 



^ " \/tq (*pp^<^^^°^**®^y) 



• • • 



3. Curves of similar flexure (Fig. 18). — In this case — 



'a\ _ (8 - b) (8 - c) 



sin^l'^L^ = 

V2/ 6 c 



■••"°'6)° B.R. W 

B.Bin^(|)+| 



^ = \/27Rr-^R;yG*^'PP™^'^*'^^^^' ^'^''^ 



u'l 
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In the aboT« approxiiiMte fonnnlsB — 

V2G 

1 = / BiR . 

V 2(K, + B,)G 

I - / B,B , 

V 2 {K, - BjG' 

the following values of , ia»y be inserted ; — 

6' 6" 0-301515 

6' 3" 0-308607 

6'0" 0-316228 

4' 84" 0-325876 

8' 6" 0-377964 

metre 0-390381 

8'0" 0-408248 

2' 6" 0-447214 

71. — Modification of the Lead in certain cases. 
The inclination of a crossing is defined bj such short lines 




PLATELAYING, AND POINTS AND CROSSINGS. 101 
for curves of contrary flexure ; and 

L = K^^l^ (approximately). . (29) 

for curves of similar flexure; where K Las the following 
values : — 

Gauge. 

6' 6" 2-471 

6' 3" 2-395 

6'0" 2-317 

4'8J" 2-199 

3' 6" 1-852 

metre 1-781 

3'0" 1-682 

2' 6" 1-557 

This concession, however, is no argument for indiflerence to 
accuracy in calculation. In practice we may And it convenient 
to depart from the correct dimensions, but we ought to know 
exactly to what extent we are doing so. 

Some platelayers have an idea that they can make a crossing 
easier by lengthening the lead. This is absurd. They simply 
flatten the curve near the switch, and sharpen the curve near 
the crossing, i. e. at the very worst place. 

In fact, if the curve be easy, it may be advisable to 
shorten the lead ; for although, in this case, the curve would 
have to be sharper towards the switch, we might be able to 
put in a piece of straight at the crossing, which would be an 
improvement. 

So that we may say generally that the best arrangement is 
when an easy or acute-angled crossing is put in with a short 
lead (which may easily be calculated for any desired smaller 
radius of curve), and with a piece of straight over the 
crossing. 
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72. — TumontB and Crossovers. 

A tuiDout from one line to another (Figs. 19 and 21) ie made 
b; meacB of a pair of ewitcbcs, a crossing, and a reverse corva 
tunning into tbe direction of tbe second line, witb or without 
an intermediate portion of etraigbt line. 

Wbon a turnout enters the brancb-line by meana of a second 
croBsing, and a second pair of switches, it becomes a crossoTer 
(Figs. 20 and 22). 

The whole length of a turnout, therefore, is made up of 

(a) Lead of croeaing (L), 

(6) Intermediate portion (9), straight or carved, 

(c) Curve-lead (L'} ; 
while that of a crossover is made up of 

(a) Lead of crossing (L), 

(6) Intermediate portion (S), straight or carved, 

(c) Lead of crossing (L). 

1. Turnouts and crossovers, tbe intemiediate portion being 
straight. 

Here (Figs. 19 and 20) we have 

S = JD - G (1 + aeo a)J oot a 1 

= Bi-aawr^) ^3„, 

= (D - 2 G)I (approiimately)] 

A platelayer may occasionally have to put in a croeeover 
with crossings of different angles, and such a case may be dealt 
witb here. 

Let a be the angle of the acuter crossing, the inclination of 
which is 1-in-A j ^, the angle of the other, a 1-in-B ; D = 
distance between roads, centre to centre ; « = o&et from gange- 
line of outer rail, at tbe point where the carve, continued beyond 
the first crossing, touches the inclination of tbe other crossing ; 
M = length of tbe succeeding straight portion of tbe crossover ; 
B, and Bj = radii of crossings ; and S := total length from 
nose to nose of crossings. 
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Eeferring to Fig. 24, 

S = L'3 - L\ + M. 
Bat, 



Again, 



Therefore, 



L, T> • 13 G sin j8 
o = E, sin = ^— . 

1 — coe a 



L'3 = a.cotl = ""^^""P 



2 l-cosj8* 
xBm P _ G sin p 



1 — cosjS 1 — cos a 

^_ G(l-COB^) 

1 — cos a 
Also, 

M = (D - a; - G sec )8) cot B, 

. TIT -n ««A i3 n /) G cot i8 (1 — cos S) 

. • . M = D cot — G oosec B — J—^ — 

1 — cos a 

Moreover, 

Lr *> ^. G sin a 

1 = Ri em a = 



1 — cos a 
Therefore, 

Q G (sin B — sin a) . ^ , ^ ^ /, 

S = — -^—^ ^ + Dcot j8 — GcoseciS 

1 — cos a 

_ G cot ff (1 - cos P ) 
1 — cos a 

\ ^ I 

x/(l+A») 1+B> + B V(l + B«)) 

+ DB-GV(1 + B') 
= 2 G A" Q^ - -i-^ + B (D - G) (approximately) ^ 



) (30a) 
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Thus, on the 5' 6" gauge, if we have to put in a orosaoTer 
between roada 20 feet apart, centre to centre, with a l-in-lO 
croBSiDg, and a l-iu-7 croBsing : — 

S = (61x 201.6) (^ - ^^ - ^) + 140 - 38-88 

= 140-69-91 

= 70-09. 

Or, nsing the approximate furmnia, 

S = (5i X 200) (^ - ^) + 140 - 88-5 

= 140 - 69-9 

= 70-1. 

When, in formuls (30a), we put B = A, or ^ = a, these at 
once gimplify into the original formulie (30). 

2. TnrnoutB and croBsovors, the intermediate portion being 
onrved (Figs. 21 and 22). 

The onrye is oontinuous and leverBe, the radius E in the 
following formula being that of the crossing rail : — 




PLATELATING, AND POINTS AND CBOSSINGS. 105 



Beferrin^ to figure 25, 



S= V2DCR,4-E3-G)-D2-(L'i + Ly . 



= V2 DG {1 + Ai'+ 6"+ A V(l + A2) 
+ B V(l + 6=*)} -D' 



- G (A + B + VI + A^" + VI + B') 



= . /2 D G (-, — ^ + , — ?-_ 

"V \1 — cos a 1 — COS ^ 



-G^cot^ + ootl), 

and, substituting in terms of E = 2 G I^ + IJ G, 

= V4I>Gl(l + A2 + B2)-D2 - 2 G(A + B), 
approximately. ^ 

Thus, on the 5' 6" gauge, if the main lines be 20 feet apart, 
centre to centre, and the crossings be 1 in 10 and 1 in 7, the 
exact formula will give us 68 * 46, and the approximate formula 
69 feet, as the length of S, the distance from nose to nose of 
crossings. 

If we put B = A, or )8 = a, formulie (31a) are simplified into 
the original formulsB (31). 

The case of a crossover between two parallel curved roads 
may also be briefly indicated here. 

Keferring to Fig. 23, it is seen at once that it depends on the 
Bolution of a triangle of which the three sides are known. The 
curves in the figure coiucide with the centre lines of the roads. 

To find y, the angle at the centre, we may use the formula : 

a2 + 62 _ c2 



cos y = 



2ab 



where 

o = E + »-2 - D 

6 = E - r^ 

« = »'l + *'2- 

Thus, on the 5' 6'' gauge5 with a 1-in-lO and a l-in-7 crossing, 
the main lines being 20 feet apart, centre to centre, let us 
assume that B = 4000. 
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With these data, we shaU find that r, = 797-40 and r, = 
620-75. 

Hence we successively obtain, 

7=3" 32' 45" 
e = 247-72 

8 = 247-72 - (110-27 + 77-39) 
= 60'06 feet, measured along the outer rail. 

73.— Gathering Lines. 



D 

a, A 

Then, 



distance from nose to nose of crossings, measnred in 
the direction of the parallel roads. 
' the Bsme, measured in the direction of the gathering 

: distance between parallel roods, centre to centre. 
: angle and inolination-nnmber of crossings. 
: angle and cotangent of angle which the gathering 
line makes with the parallel roads. 
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„ Vl + X- 
T.m(8-.) 



= T X 



«'1 + Af 



■ (35) 



When ^ = "the limiting angle," i.e. the greatest angle at 
which the gathering line can be run across the parallel lines, 
each croBBing fits against the butt of tho next stotk-iail ; no 
piece IB put in, and no room is lost between them ; if the 
gathering line be indefinitely extended, the tracks being equi- 
distant, each crossing in succession will occupy a similar 
position ; and there will be no fear of being jammed, 

Tho examination of this case will be of assistance where 
economy of space has to be studied in laying out a yard, and 
will prevent the designer, perhaps, from proposing impossible 
arrangements in the plan. 

To find 0, the limiting angle, V must bo cqnal to the sum of 
the length of the croBsing, the lead, the switch, and of that 
part of the atock-rail which lies beyond the toe of the switch 
and batts against the crossing, while D mtiet he equal to the 
least distance between roads. 

Thus, with 7° 45' oroBsings on the metre gauge, T = 4' 



12 



' 52- 833a 



; and 



+ 33' 9" + 15' 1" = 62' 10" ; D = 12 
6, the limiting angle, = 13° T 41". 

When the gathering line runs across the parallel linea at 
the angle of the crossingB as in Fig. 27, 6 = a, and 



= D coBeo a 
= D V 1+ A'^ 
: D cot Q 



. (37) 
.(38) 
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When two roads orosB ekcli other, we hare a diamond crosmng. 
According to the requirements of the Board of Trade, diamond 
crossings ought not. as a rule, tu be flatter than l-in-8. If 
possible, they should be limited to l-in-6. 

In this case, ne may, if necessary, put in cumponnds within 
the croBsiugs as in Figs. iSa and 286, where 
T = G coseo a 

= G Vl+T^ } ■ (39) 

= GA (approi.) 

= Tcot " 
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line. In this case, the curve-lead of the intermediate crossing, 
^ is calculated in the usual way, the radii of the outer crossings, 
Pi and ^2* being known, but the switch-lead must be calculated 
for a double clearance, 2 d ; 



r,^ /2Ei_R2G) 

V K , + Ka 
^r _ /4 Ri R^ d 



"-y'i 



> (approx.) .... (43) 



+ R2 

L = L' - r 



When the outer crossin;:s — as will usually be the case — are 
of the same number, R = R^ = R^, and these formulaB become 

I' = j2Ed \ (approx.) .... (43a) 

On the 5' 6'' gauge we may have such an arrangement with 
two l-in-8^ crossings and a l-in-6, the radius being 800 feet ; 
or with two 7° 45' crossings and a 10° 46' crossing, the radius 
being 600 feet. On the metre gauge, two l-in-9^ crossings 
and a l-in-6f \\ill serve, the radius being 600 feet; or two 
7° 45' crossings and an 11° crossing, the radius being 360 feet. 
On the 4' 8^" gauge, two l-in-7 crossings may bo used with a 
l-in-5, the radius being about 470 feet ; or two l-in-8 crossings 
with a l-in-5^, the radius being 600 feet; or two 1-in-lO 
crossings with a l-in-7, the radius being 950 feet. 

In Fig. 31, two lines of difiEerent radii turn out on the same 
side of the straight line. 

Here we may choose an intermediate crossing with the most 
obtuse angle, a, and a curve of the shortest radius permissible. 

The corresponding curve-lead is calculated in the usual 
manner, but the switch-lead for a double clearance, 2 d : 

L'= ^2'RG 

Z' = 2 ^/Rd ) (44) 

L = L' - Z' 
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Tbo distaiice, E, between the epringii^ of the dure of line 
No. 2 and that of line No. 3, is equal to the difFerenoe in length 
between the ewitch-load of the former c&lcnlated for the ordinuy 
clearance, d, and the switch-lead of the latter calculated for a 
doable-cleanmce. 

The angles, a and j8, of the crossings of lines No. 2 and 
No. 3 over line No. 1 having been eelected, and the diatance E 
determined, the angle ^^ <^^ other details of the crossing 
between lines No. 2 and No. S may be found in a way sinular 
to that indicated below for the arrangement shown in Fig. 30, 
which is a snbstitDte for three-throws and will now be briefly 
referred to. 

Scone ODgiaeers dislike three-throws and prefer to pnt one 
set of switches behind the other as in Fig. 30. In this case, 
the cnrre-lead may be determined from two dmnltaneoas 
approximate equations. 

L' = V2R(G-s) 
L' - K = V 2E7 

where B is the radiue of curve of both the outer crossingB, their 
angle being /3, while K is eqaal to the measured distance from 
heol to heel. Hence, eliminating s, we obtain 




I 
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75.— Triangles. 



At temporar; tennim, where turntables will not ultimately 
be required, it is uenal to put in triangles for reversing 
engines. 

One arrangement of triangle is that shown in Fig. 32. So 
far as tbo purpose of turning the engine is concerned, the third 
side A B is not nocossary, but it generally forms part of an 
already existing through siding. 

The distance from the theoretical Bpringing of the curve of 
crossing A to that of crossing B is obviously equal to 2 R — G, 
where U is the radius of the croseing roils : and the perpen- 
dioular distance from the theoretical springing of cioseing C to 

the centre of the track AB is equal to E — „-■ 

Hence, if S = distance between the croesings A and B, and 
L', = ourve-Iead of each of tboee crossings, 

8 = 2R-G-2L', (47) 

e-line of the 



and, if D — distance of crossing G from t 
track AB, and L',^ the curve lead, 



D.E-^-LV 



The croBsinga A and B have the same angle, while that of 
C is chosen to suit the particular radios. 

Thus, on the 5' 6" gauge, l-in-8j^ crossings may be placed at 
A and B, and a I in 6 at C. Moreover 

B = 802-S9; 8 = 1,412'10"; and D = 73310". 

If a triangle bo laid out as shown in figure 33, it occupies 
the least possible space for a given limited radius. The 
arrangement is equiangular, each crossing having the same 
angle. 



^ 
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Let B = radine of the croeeing mils ; S = dietance between 
the orosBiDgB ; and L' = onrve-lead of each of the croBsingB. 
Then, evidently, 

= E-1-782L'( ^*^' 

ThuB, on the 5 6" gauge, with a l-iD-6 croBeing at A, 6 and C 
R = 800; L' = 66'B"; S = 685. 



76. — Crossing more than one line; Diamond 
CrOBBings. 

Referring to Fig. 34, in order to obtain the cnrve-leads or 
diBtances from the theoretical springing of the coTTfl on the 
firBt line, we must substitute for O and B in the formula for 
curve-lead, 

L'=V(2B-a)G, 
the following : — 

for No. 1 ctoseing .. .. G and B, 
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To determine the crossings : 



. . (61) 



2~UQ 
y2 - (D ^ Q)2 

2L'(D -G) 

L'2 - ( D 4- G )2 

2L'(i) + G)' 
1/2^- (2D-G)2 

2 U (2 D - G) 
U2-(2D+Gy 

2L'(2D + G) ; 



The case of crossings on mixed gauges is similar, and need 
not be more particularly described. 



sin 


«i 


= 


-"1 . 




sin 


«2 


= 


L'2 

E- 


G' ^ 


sin 


as 


r= 


E ' 




sin 


^4 


=: 


L'4 

E- 


G' ^ 


sin 


aa 


^ 







77.— Tables. 

These include details of points and crossings, turnouts and 
crossovers, cant on curves, and middle ordinates of rails on 
curves. The tables for points and crossings have now been 
worked out for the intermediate numbers — 5^, 6j^, 7j^, &c. ; they 
extend up to l-in-16 crossings, such being laid on the Highland 
and other railways; and they cover the following gauges, 
which are stated (in Barry's ' Eailway Appliances ') to be in 
use in the following countries : — 

5' 6" — India, Spain, Portugal, Brazil, Argentine Eepublic 
and Chili. 

5' 8" — Ireland, Victoria, South Australia, New Zealand and 
Brazil. 

5' 0"— Eussia. 

4' S}^" — Great Britain, Canada, Nova Scotia, New South 
Wales, France, North Germany, Holland, Belgium, Austria, 
Hungary, Turkey, Switzerland, Italy, Norway, Sweden, 
Denmark, Egypt, United States, Brazil, Uruguay and Peru. 
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3' 6" — Queenslani], Taemania, Gape Golouiee, Norway, 
Egypt, Brazil and Japan. 

Aletre— India, Brazil and Argentine Republic. 

3' 0"— United Statee. 

2' 6" — No couutriea are named, but we have in India tbe 
Eauaia-Dharlla, tbe Coocb Bebar State, the Gaekwar's Dabboi, 
tbe Morvi and other roilwajB laid to this gauge. 

The 5' 6" gauge baa, perhaps, by this time disappeared in 
Canada, Nova Sootia and the United States. Fiance and 
Switzerland have lines on the metre gange ; and the S' 0" 
gauge has recently been introdnced in Ireland. 

The table — common to all gauges — of numbers and angles of 
crossings, and of factors applicable to the formulie, will enable 
the reader to trace and eheck the calcnlationa on which the 
following tables are based. 

The graphic diagram (Fig. 37} on which the radios of 
curve, the curve-lead, switch-lead, and lead of crossing may be 
measured on the vertical ordinates for any inclination-number 
from 5 to 12, is adapted to six of the above-named gauges by 
tbe application of the proper vertical scale. Although the scale 
is a small one, the measurements will probably be accurate 
enough for general use, but the reader may easily plot a larger 
irticiilar ijauBO from the tables. 
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The tables giving the cant for different curves and maximum 
speeds for the 6' 6", 6' 3", 5' 0", 4' SJ", 3' 6", metre, and 3' 0" 
gauges, were calculated to the 32nd and 64th part of an inch, 
but have been reduced to differences of an eighth only for prac- 
tical purposes. 

Tables of middle ordinates of rails on curves are frequently 
given in decimals of a foot or an inch ; it appears to be sufficient 
and more practical to work out the ordinates for round number 
radii of comparatively sharp curves, and to express them in 
vulgar fractions and to the nearest 32nd part of an inch. 



\^ 
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CHAPTEE IV. 

SIMPLE BULE8. 

76. — To Set ont a Cnrvs by Ofibets. 
Rule. — To find 0, tbe full offset for it chord of one chain of 
66 feet, divide 4366 by R, tbe radios ; for a chord of one chain 
of 100 feet, diride 10,000 by B (Fig. 35). 

Formtila. — 

= *^ for 66-foot chords 1 

10 000 I ^^^) 

= i^^^ for 100-foot chords I 
'Proof. — By similar triangles, in Fig. 35, 
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From here, in line with the tftngent and Beoond pegB, 
measnFO 100 feet aod place a flag. Then shil't the chain until 
the leader's end is at a distance equal to the offset from the 
flag, while the follower's end is still held at the second peg. 
Drive a peg at the leader's end of the chain. This will be the 
third point on the curve. 

The fourth and succeeding points may be found in the same 
way as the third, until the end of the curve is reached. 

Here the direction of the tangent is determined bj laying off 

the balf-ofiset, -^ , instead of the fall of&et, 0. 

Example.— Tjei B = 1273-2, and C = 1000. Then 
_ _ 10.000 
" 1273-2 
= 8-1449, 
.-. = 8' If. 



79.— To Set out a Diversion from a Straight 
Line. 

Bule. — To find L, the length of each half of the diversion 
(Fig. 36), add together the square (S^) of the strai{;ht portion 
between the reverse curves and the product (4 E D) of four 
times the radius into the maximam distance of the diversion 
from the main line ; subtract the square (D") of the moximum 
distance ; and take the square root of the result. 

To find the tangent (T), divide tho product (R D) of the 
radius into the maximum distance by the sum (L + 8) of 
the half of the diversion and the length of straight between 
the reverse ouives. 

FormulsB. — 

L - ^a^ + iRD- D^ (53) 

■-S m 



» 
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Proof. — Bf dmilar tmngles in Fig. 36, 
T B 

E " L + 8' 

. T - ^^ 

' L + S' 



L = 2 T + ^(2 T + S)* - D*, 
(L-2T)^ = {2T + 8)^-I>" 

_, 4RD„ 



^(L + 8) + S^-D^ 



4ED- 



Direetions. — From the middle point of the line, which ie to 
be diverted, set off the mazitDnm offset D. From the middle 
point of the diverBioa thus dotenained, meaBnre parallel to the 
main line and ia both directiouB the tangent lengths T. This 
fixes on each side one extremity of the common tangent lines. 

Flora the middle point of the line, irhich is to be diverted, 
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as shown in the figure, to avoid having to work off and resume 
the cant on the curves. 

Example,— Lot R = 1000, S = 100, and D = 60. 
Then 

L = Vr002T~(4">ri000"^50)~^60'2 
• *. L = 455^, and the whole length = 911 feet. 



Also 



1000 X 50 
455 J + 100 
.-. T = 90 feet. 



80.— To find the Radius of a Curve. 

Bule. — Stretch a string 100 feet long upon the inside edge 
of the curved rails, and measure with a foot-rule the versine or 
distance from the middle of the string to the rail. Then the 
radius R is very nearly equal to 15,000 divided by v, the versmo 
expressed in inches. 

Formula, — 

K = (la) 

V 

where v = versine in inches. 

Example, — Let « = 10 inches. Then 

_. 15,000 
.-. R= 1500 feet. 



81— To find the Cant Required on a Curve. 

Bule, — Stretch a string of a certain length, according to the 
gauge and maximum speeds of trains, upon the inside of the 
curve. Then the versine is equal to the required cant. 

Formulse, — Where V = maximum speed in miles per hour, 
the following formulsB may be applied for each gauge, to find C 
the length of string to be used : — 
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Oanpre. 

5' 6" .. .. C = 1JV\ 

6' 3" .. .. C = If V 

5' 0" .. .. C = If V 

4'8i" .. .. C = If V> (2/) 

3' 6" .. .. C = If V 

metre .. .. C = 1^ V 

3' 0" .. .. C = 11 V/ 

Example, — On the metre gange, let V = 30 miles per hour. 
Then 

C = 1^ X 30 

.-. C = 40 feet 

If, therefore, a string 40 feet long be stretched along a curve 
whose radius is 1000 feet, for example, we shall find that the 
yersine is 2f inches, and this is the cant or super-elevation 
which must be given to the outer rail. • 



82. — To find how much a Rail should be bent to 

suit a Curve. 

Bule. — If C be the length of the rail, divide three times C^ 
by twice the radius R, these being expressed in feet. The 
result will give v, the versine expressed in inches; and the 
rail must be curved until, if a string be stretched from end to 
end, the distance from the middle of the string to the rail is 
equal to V. 

Formula, — 

" = 2^ W 

where C and R are expressed in feet and v in inches. 
Example— Let C = 24 feet and R = 1200. 

__ 3 X 24 X 24 
*^"" 2 X 1200 ' 
, • . V = ^ inch. 
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83.— To find the Number of a Crossing. 

Bute, — If intersecting strings be laid along the gange-lines 
or edges of the crossing, the number I of the crossing is 
measured by the distance in feet from the intersection of the 
strings beyond the nose to the point on one string whence the 
perpendicular offset to the other string is equal to 1 foot. 

Example, — If the distance at which the offset is 1 foot be 
9' 9" the crossing is called a " 1 in 9J," and the number of the 
crossing is 9 • 76, or 9f . 

84. — To find the Radius of a Crossing. 

Bule, — Multiply I^, or the square of the number of the 
crossing (Fig. 2), by twice the gauge, or 2 G. For a closer 
approximation add 1^ Q to the result. 

Formula. — 

E = 3GP + liG (6a) 

Example.— 'Let G = 6' 6" and I = 8J. Then 
E = (2 X 6i X 8i X 8i) + SI 
.-. R = 803. 

Now the accurately calculated radius is 802*99, so that the 
approximation is wonderfully close. 

To test the formula by another example, let G = 3' 3|" and 
I = 12. Then 

R = (2 X 3-2809 x 12 x 12) + (U X 3-2809); 

.-. R = 949-82, 
which scarcely differs at all from 949 * 83, the actual radius. 

85. — To find the Curve-lead of a Crossing. 

Bule. — According to the gauge, multiply the number of the 
crossing by the factors indicated in the following formulaa. 
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6' 6" . 




!■ = U I 






5' 3" . 




L' = 101 1 






6' 0" . 




L' = 10 I 






4'8i' . 




L' = 9i 1 




• C'<J 


3' 6- . 




L' = 7I 






metre . 




L'.6il 






3' 0" . 




L' = 6I 






2' 6" . 




L' = 6I 






where L' = cnrre-leai]. 


audi 


= camber of croasing. 




Example.— Let G = 


4' Si' 


Mid I . 10. 






Then L 


-91 


I = 9J X 10 






.-. L 


= 95 feet. 






The exact curve-lead. 


^iven 


in Table XV., i 


B 94-401 


but the 



difference is not important. 

86. — To find the Switch-lead of a Crossing. 
Bule. — According to the gange, multiply the number of the 

crossing by the factors indicated in the following formulfe. 
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which diflfers very little from 26*672 feet, the exact switch- 
lead given in Table XV. 

87. — To find the Lead of a Crossing. 

Bute, — According to the gauge, multiply the number of the 
crossing by the factors indicated in the following formulaa ; or, 
subtract the switch-lead (Art. 86) from the curve-lead (Art. 85). 



Formulse. — 




Gauge. 




5' 6" .. 


.. L = 8i I 


5' 3" .. 


.. L = 7JI 


5'0' .. 


.. L = 7il 


4'8i" .. 


.. L = 6J I 


3' 6" .. 


.. L = 41-^1 


motre .. 


.. L = 4JI 


3' 0" .. 


.. L = 4il 


2' 6" .. 


,. L = 3i I 



(12a) 



where L = lead of crossing (Fig. 16), and I = the number. 
Example.— Let G = 4' 8^" and I = 10. Then 

L = 6| I = 6J X 10 
= 67' 6' 

which is only 2f inches less than the exact lead given in 
Table XV. The difference between the curve-lead, 95' 0", 
and the switch-lead, 26' 8", would give us 68' 4", so that the 
direct formula is more correct. 



88. — To find the Crossing required in any case. 

(1) Turnout with a curve at a given radius from a straight 
line (Fig. 16). 

Formula. — 



= v^ 



(23) 
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where I = the required number of crossing, B = radins of 

curve, and \/ n^ haa the following valaea for differ^kt 

gauges:— 

Gauge. 

5' 6" 0-301615 

B'3" 0-308607 

6'(r 0-3162a8 

4'8i" 0.325876 

S'6" 0-377964 

metre 0-390381 

3'0" 0-408248 

2' 6" 0-447214 

Example. — On the metre gauge let B = 950. Then 

I = -/950xO-39 
= 30-82 xO-39 
= 12-02 
so that a l-in-12 croseiug may be used. 

(2) Curves of contrary flexure (Fig. 17), 
Forma ia. — 
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(3) Carves of similar flexure (Fig. 18). 
FormtUa, — 



^V^Vs^ ....(265) 
where B^ and B2 are the radii of the ourves, which both tnrn 

off in the same direction, and \/ 7775- has the yalae indicated 

above for each gauge. 

Example.— Let G = 5' 6", Rj = 1660, and Eg = 660. 

Then 

j^ /16 50x66( ) Q.3Q^ 
V 1650 + 660 ^ 

= 10 
so that a 1-in-lO crossing will suit this case also. 
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CHAPTEB V. 

89-— Kemarks on Signalling and Interlocking. 

FizxD aignalB Gousist of liome, distant, starting and Biding 
Higiials. 

The Lome signal may be placed at b, etation (I^ig. 38), 
junction, siding, or signal-box, and is an ohsolvie »t(rp signal. 
It should be placed at a sufficient distance from the fouling 
point to allow some margin for accidentally drawing a little 
beyond the signal. No train must paee a borne signal at 
danger, or foul the points or crOBsings which it proteota, 
except as prescribed in the regulations — e.g., while shunting 
from one line to the other, or into or out of sidings ; or 
where (at places other than junctions) starting signals are 
not provided, and it is uoceRsarf to bring the train under the 
protuctioD of the homo signal. 

The distant signal (as in Fig. 38) is fiaed at a. sufBeient 
diBtance (Bay 1000 yards, or on a rising gradient 800 yards) 
from the home signal, and is not merely a repeater of the home 
si glial, for vrlieu u driver sees the distant lowered, he knows that 
both the hm)ic and the ttart'mg tignaU have been lowered. When, 
however, the distant signal is at danger, the driver must be 
ready to pull up at it, if necessary ; bat, if the road be clear, 
he may proceed cantionaly (so that he may stop short of any 
ol)Hti' action) and bring his train to a stand as near the home 
^4 oircumstancea of tlie case will allow. The distant 
be diBtingniahed by a Hsb-tail notch cut out of the 

Bftls (at stations placed generally at the end of tl 
ftdvoucvd stai'ting signals control the departure 
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of trsinB into the eection ahead, and mnst not be passed, whea 
at danger, except where it is necessary to shunt over points and 
croBsiuga or croBS-OTer roads close by, when the eignalraBn may 
allow the shuating to be carried ont under bis direction. The 
starling signal should not be lowered to allow a train tn enter 
the nest section until "line clear" Los been received from (he 
station in advance. But, where an advanced starting signal is 
provided and the line is clear, the signalman may, if necessary, 
after bringing the train to a stand, lower the starting signal to 
allow such train to proceed to the advanced starting signal, 
and no further. The advanced starting signal thus marks the 
limit up to which a train may be drawn forwaid beyond the 
starting signal, in order to leave the platiorm line clear, or for 
shunting purposes, or other statiou duties. The advanced 
starting signal is generally placed (as in Fig. 38) SOO to 
350 yards in advance of the cabin, bo that a train of moxiniam 
length may clear the section in rear without entering the section 
ahead, and it should be clearly visible to the driver from the 
platform starting signal, as well as to the signalman in the 

Exit from a siding is controlled by a ground disc or dwarf 
semaphore siding signal. No train must leave the aiding until 
Bucb signal has been taken off. 

All signals should be on separate posts or on brockets. 
Where there is more than one arm on one side of a post, the 
first or top arm applies to the lino on the left, the second arm 
to the lino nest in order from the left, and so on ; but if the 
main or important line bo not the one on the left the signals 
must be on separate posts or brackets. 

A distant signal mast not hack-lap a home or starting signal 
of a statiou in rear of it. If on the same post as a home or 
starting signal, its arm roust be placed below, and be slotted 
with or controlled by the upi»er signal, so that it cannot 
posBi]>Iy be pulled off when the latter is at danger. It is a 
general rule that lamps should be at least 7 feet apart, so the 
distant should be 7 feet below the home oi a^wc^iB^ a\igji^. 
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At B. jauctioD, all distant signals must be oontruUed hj the 
respective home and starting signal. 

Every signal arm must be weighted, bo as to By to danger if 
the connection between arm and lever sfaonld break at anj point. 

Tbe front signal lights are red for " danger," and greeo for 
" all right " ; the back light (visible only when the signal is at 
danger) whit«. Thia is not obligatory on es:isting lines, or on 
nctv lines run over by conpaniea using a difTerent Bystem of 
lights. For the sake of distinction, the danger lights of bay 
starting and other minor signals are often pnrple instead of red. 

Signals are usually worked by wires, the '■ slack " of which 
is better regulated by hand adjusters iu tbe signal-cabin than 
by self-acting so-called compensators. 

Having thas briefly described the functions of fixed signals, 
their approximate positions, and the requirements of the Board 
of Ti-ade in regard to them, points and crossings in eonnectioo 
with them must bo considered. 

Points must be worked or bolted by rods, the effect of varying 
temperature on rods of 100 feet and upwards in length being 
corrected by self-acting compensators. 

Facing points should be avoided as far as possible. They 
must not be worked from a greater distance than 180 yards, and 
should be placed as near as practicable to the levora by which 
they are actuated. In the case of trailing points on the main 
line, or safety points of sidings, the limit of distance from the 
levers is 300 yards. This is tbe English practice, but on the 
Continent these limits are considerably exceeded, and with 
perfect safety. 

To secure facing points iu their proper position they must 
be bolted by a locking plunger passing through the atretcher- 
bar ; and, to prevent the signalman from withdrawing the bolt 
while a train is passing over tho points, the plunger must be 
fitted with a locking-bar to suit tho longest wheel-base of the 
rolling-stock. The plunger and locking-bar may bo worked 
either by a separate lever or by the lever which also works the 
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The first etep towards tlio interlocking of jtoiDta and eignnlB 
is the coDcentration of the levers in one frame. 

The point and signal loTors must be eu interlocked that a 
signal cannot he lowered for a tiaia nntil the points have been 
properly set and locked ; that any two signals which might lead 
to a collision cannot be exhibited at the same time ; and that, 
after signals have been lowered for a train to pass, no points 
connected with, or leading to, the line on which the train ie 
running can be moved. Home or starting signals, next in 
advance of trailing points, when lowered, must lock the points 
in cither position, unless this locking will unduly interfere with 
the trafBc. 

Points also, if possible, are to be so interlocked as to avoid the 
risk of a collision by over-running. 

A digtanl tigital mutt not he capable of being lowered unless the 
home and starting signals in advance of it have been Icnuered.'' 

Detectors must also be fitted, in order to ensure that the 
points are properly set before the signals are lowered, and to 
discover any failure in the connections between tlie levers and 
the points. Otherwise, if the rods were buckled or broken, a 
lever might be pulled over without any corresponding move- 
ment of the points, 

From the foregoing remarks— in which are included the 
present requirements of the Buard of Trade^it will be seen 
that there are fow absolute rules for the precedence of levers, 
&c. The interlocking is generally arranged to suit the 
requirements of the junction or station to which it is 
applied. 

Whenever it is possible, the interlocking of the point lovers 
(independently of the signals) should be so arranged that the 
various switches may be set to form a trap or protection, when 
trains nre backing or otherwise. The caso of an ordinary 
double junction moy be taken as an example (Pig. 39). 

If a train from A en the main liuo is to proceed on the 
* In Inlerlooking tliU means ILat the distant eignal muel alw be put 
book to daagei before the home and stalling stgoala. 



130 NOTES ON PEBMANBKT-WAT MATEEIAL, 

branch towttrda C over facing pointa 2, it la necessary, before 
making the road from main to brancb, to turn over points 1, i 
that, if a train on the other line B B were backed over points 1, 
it would not foul the train from A when the latter was crosBiDg 
the main line B B. The order of working would, therefore, be 
1, 2, 3, 4, 5. The lovers having been put back in reverse order, 
a train running over fitciug poiuts 2 on the main line A A 
would require levers 3, 6, 7 to be pulled over in succession. 

For a train running on the main line E B over trailing 
points 1 the order would bo 3, 10, 11, so that a train coming 
from the opposite direction on the other main line could not 
cross it.' If, however, a train from D on the branch were 
entering the main line over points 1, it would be impossible to 
trap another train from the main line B B running in the some 
direction and over the same points. Nevertheless, an accident 
could only take place through disobedience of signals ; for, 
when the road ia made from branch to main line, signal 10 
(and, therefore, 11 also) is locked at danger. 

Again, where (as in Fig. 40) we have a siding or slip rood in 
a oroas-over road, the croas-over points a should precede the 
siding pointa b, which in turn would precede the signal c. 

It is now required that the starting as well as the home or 
stop signal shall precede the distant, so that, should a driver 
approach a station or junction where the distant signal is down, 
ho will know that not only is the station clear but tbe section 
in advance also. 

If the distant, however, ho at danger, and the home signal 
only is lowered as described below, the driver will know that 
tfae station is clear but the section in advance is blocked, and 
that he must stop at the station until the starting signal is 
lowered. The rule is that, so long as the starting signal is at 
danger, the home and distant signals must be kept at danger, 

" A paBBenger twin going from A on the main line to C on the braneh 
may be stopped and made to wait for a goods train running on the other 
main line B B over points 1, as tlie fonzier cati ha trapped and a CulliBios 
kverted if the diiver ovei-nms Bigmils, while (lie latter cannot. 
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except on the near appraech of a traia wbich has to stop at the 
statioD, whcD, after tho speed of the train has beeu reduced eo 
as to admit of its ontei'ing slowly and being pulled up at the 
platform, the home signal may be taken off to admit the train, 
but the starting signal must bo kept at danger until the ssctiou 
in advance is clear ; in the case of a train not booked to stop, 
the home signal most not bo lowered to admit the train until 
the train has been brought to a stand. 

Should the distant and home stand at danger, the driver will 
know that he must reduce his speed to enable him to stop at 
the latter. 

In all cases the lowering of the distant signal must bocklock 
the home or starting signal levers, so that they cannot bo put 
book until tho distant signal has first been put to danger. 

In sections where the distance is so sbort that a distant 
signal is not required, the home or starting signal should bo 
controlled from the station in advance. This ia goneiallj done 
on the signal itself, although there ore coses, but very few, 
where, in meohanicol bolt-locking, the lever is governed or 
controlled. 

The general requirements of a good interlocking apparatus 
are — 

(1) That there shall be very close looking, i.e., the looking 
shall act as soon as the lever ia moved, and tho unlocking shall 
not be effected until the stroke has been oomplclod ; 

(2) That tho locking aball be compactly arranged ; 

(3) That the locking shall not occupy such space in front of 
the levers as will prevent the signalman from having the best 
possible view of the railway, nor auch space at the back as will 
not allow him to stand well up to the levers ; 

(i) That the locking shall not bo arranged vertically, which 
praotioally prevents a largo cabin from being placed across the 
linos (the most favourable position) ; 

(5) That, for choice, tho locking be arranged in horizontal 
tiers beneath the floor of the cabin ; 

(6) That the locking may be easily got at fei A^kotq.^, 
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Inbricaimg, altesstioiis or repaiiB, uid, bo &r as pomUe, with- 
out oocnp«tioD ; 

(7) Tlut there shall be aa few wearing parts aa poesible— 
the leas friction, the leas the effort to work the levers, and the 
lees wear and tear of the parts ; 

(8) That the parts shall be, aa &r as posable, intercfaang&- 
able; 

(9) That ordinal; repain, alteratioDB or additions ma; be 
made withont the aid of an expert ; 

(10) That, althoDgh sofficiently sendtiTe, the apparatos 
shall not be delicate, or require too mnch attention ; 

(11) That its efiectiyo working shall not be affected by 
rariatioa of temperatnre ; 

(12) That the apparatus shall be capable of extenmon, if 
required; 

(13) That the apparatas shall not only be effectiTe in 
working, but strong, durable, and as simple aa possible in eon- 
strnotion. 

Of course the engineer in India would be glad to hare an 
apparatus that he could turn out of his own shops, but the 
economy of that in the long run may be doubted. 
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in. 

TABLE OF CANT (m inohbs) Bequibbd fob Diffbbbnt 

OUBYBS AND MaSLIMUM SpEEDS. 



Gauge (G) = 5' 6" = 5' -5000. 
E = 4-4091 X ^. 



Radius. 


Maximum Speed in Miles per hour. 


R. 


10 


20 


25 


30 


40 


50 


400 
600 
800 
1000 
1500 
2000 
2500 
5000 


n 
i 

i 


3 

21 

U 

n 

7 
T 

i 

• • 


6i 
H 

H 

H 
i 


• • 

H 

5 
4 

2* 
2 

H 

i 


• • 

• • 

7 
41 

8J 
21 

1* 


• • 

• • 

7* 
5i 

H 

21 



TABLE OF CHORDS (in feet), the Vebsines of which 

ABB EQUAL TO THE BbQUIBBD CaNT. 

= l-72x V 



Any 



17 



84} 



43 



51} 



69 



86 
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TABLE 07 CANT (nr ikohu) Bbqcuxd tob Diitbxxnt 
Gimns AKS BIazuiuk Sfizds. 



Gauge (G) = 5' S" = 5'-2500. 
E = 4-2087 x^. 



Ri.dius. 




SUiimam Speed 


^ Ui)a> per hogr. 




E. 
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V. 

TABLE OF CANT (in inches) Rbquibed fob Diffebent 

CUBYES AND MAXIMUM SpEBDS. 



Gauge (G) = 5' 0" = 5'-00(K). 







E =4-0083 X ^*. 






Radius. 


Maximum Speed in Miles per hour. 


R. 


20 


25 


30 


40 


50 


60 


400 
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6i 


• • 


• • 


• • 
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2| 
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• • 


• • 
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• • 


• • 
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• • 




1500 


1 
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5 
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TABLE OF CHORDS (in feet), the Vkbsinbb of which 

ABB EQUAL TO THE BeQUIBED CaNT. 
= l-64x V. 



Any 



33 


41 


49 


65} 


82 



98} 
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TABLE 07 OANT (in inohib) Bbquibid ros Dutmssst 
CirBTU AKD Maxixitk Spkbdb. 

Cknge (G) = 4' 6}" = i'-T083. 
B = 8-77*4 X S- 
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VII. 

TABLE OF CANT (in inohes) Bequibbd fob Diffkbent 

CUBYES AND MAXIMUM SpEBDS. 



Gauge (G) = 3' 6" = 8' -500. 







E = 2-8058 X " . 

K 






Radius. 




Maximum Speed in Miles per hour. 




R. 
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TABLE OF CHORDS (in feet), the Vebsineb of which 

ABE EQUAL TO THE BeQUIBBD CaNT. 
= 1-372 XV. 



Any 



13} 



20} 



27} 



34 



41 
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SOT^ OS FIKXAaKST-TAT MATIKBTAT., 



TABLE OF CAirr (n mens) 



SfCHB) BiQIIIBZD TOK DiTFEESBT 
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IX. 

TABLE OF CANT (in inohes) Bequibed fob Diffebent 

CUBYEB AND MAXIMUM SpEBDS. 
Gauge (G) = 3' 0" = 3' -0000. 







E = 2-405 x^ 
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TABLE OF CHOBDS (in feet), the Vebsines of which 

ABB EQUAL TO THE BeQUIBED CaNT. 
= 1-27017 X V. 



Any 
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X. 

TABLE OF MIDDLE 0EDINATE3 

(in ihohbb), 

roK Bails of certain lknathb laid on Oustu of 

DlTFBBBHT BADU. 
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XII.— POINTS ANI 
Tabu or Ndmbibs, Bum, Oubtx-liads 
Gango (Q) = 5' 6" = 5'-5. 

AFPBOSnilTl 

R = 11 r + 8-25. L' = 111 + -^ 



Namber. 


Bndmi. 


Cprrc-Uad. 


Switch-lead. 


Lend. 


1. 


K. 


L'. 




L. 


5 


283 '223 


55-544 


14-15G 


41 4| 


5i 


SM-i)77 


eo-99G 


15-533 


45 5) 


6 


404-231 


86-455 


16-914 


49 GJ 


6J 


472 ■981 


71-921 


18-296 


53 71 


7 


5i7'23ti 


77-S91 


19-680 


57 E) 


7i 


626 1188 


82-SG5 


21-066 


61 9i 


e 


712-239 


88-343 


22-453 


65 lOj 


m 


802- B&I 


93-822 


23-841 


69 111 


9 


899-242 


99-305 


25-2ao 


74 1 


9J 


1000-992 


104-789 


26-619 


78 2 


^1 
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CHOSSINGS. 

SwiT0H-LB4DS, AND Lb&DS ; TCBNOCTB AND CEOSaOTBBa. 

Clenranoe (d) = IJ" = 0'-35t. 
1-0125 ^ , 



FOBHCLS. 



- 2-7907 I -f- 



1 



1-7375 



6 D 


- 


66-455 


eiD 


- 


71-921 


7 B 


_ 


77-391 


7iD 


- 


82 '865 


S D 


- 


88 '343 


8i D 


- 


93-822 


9 D 


- 


99-305 


OJ D 


- 


104-789 


10 D 


- 


110-274 


10* D 


— 


113-761 


11 D 


- 


121-250 


lU D 


_ 


126-739 


12 D 


- 


132' 229 


12i D 


- 


137-720 


13 D 


- 


14a' 209 


13i D 


_ 


148-703 


14 D 


- 


154-198 


UJ D 


- 


159-687 


15 D 


- 


165- ISl 


ir.i D 


- 


170-1576 


16 D 


- 


176- 170 



Curved Intermediate Fortion. 



V D (1, 

V D (1, 

V D ("2"; 

V D (2^ 
*/ D_(3, 

•J D (t. 
V "D (4, 
V'DJS, 
V_D_(5, 

V D (6. 

V D (6, 
V_D_{7, 

^ D (8, 

V D C9, 
V^_t9, 

V"D"C11, 



605-924 - D) - 132-910 

S80-»S"6 - D) - 143-842 

177-944 - D) - 154-782 

(27496^2 - D) - 165-730 



.585-9 



,992-968 - D) - 
421~S72 - D) - 
,472-972 - D) - 
345"-976"-"'D) - 
l840-976^^Ti) - 
357"-980"^"D) - 



896-976 - Dj - 
,457-976"^ D) - 
040-a76 - D) - 



220-548 
231-502 
242 -SOl) 
253 -478 
264 -458 
275-410 
2S6-41S 
297-406 



,272-97(j - D) - 
,921976"^D) - 
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Xni.— POINTS ANl 

Table or Nuubeeb, Radii, Cukvb-leai)i 

Gaago(O) = 5' 3" = 5' -25. 



= 10-5 I* + 7-87. 



L' = 10-5I + 



AprBOiuiAi 
2-625 



KunibEr. 


RadiBB. 


Curve-lead, 


Switi-h-lead. 


Lesd. 


1. 


R. 


L'. 


J'. 


L. 


5 


270- 3i9 


53-020 


13-830 


39 2i 


^ 


325- ilS 


58-224 


15-170 


43 OJ 


6 


385-857 


G3-135 


lG-525 


46 11 


6i 


451-485 


G3-652 


17-875 


50 flt 


7 


S22-3G2 


7^-873 


19-228 


54 7} 


71 


508-488 


79-009 


20-582 


58 tit 


8 


679 -865 


84-327 


21-937 


02 4i 


Si 


786-491 


89-558 


23-293 


66 ai 


a 


858-367 


04-791 


24-650 


70 li 


OJ 


955-493 


100-026 


26-007 


74 01 


^1 
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CKOSSINGS. 

SWITOH-LEADS, AND LeADS ; TuBNOUTS AND CbOSSOYEBS. 

Cleajrance (rf) = 4 J" = 0''354. 



FOBMUL-B. 



V = 2-7267 I + 



0-985 
I • 



L = 7-77331 + 



1-64 



Turnouts and Crossovers. 



Straight Intermediate Portion. 
S. 



5 D 
5} D 

6 D 
6} D 

7 D 
7i D 

8 D 
8^ D 

9 D 
9J D 

10 D 
10} D 

11 D 
11} D 

12 D 
12} D 

13 D 
13} D 

14 D 
14} D 

15 D 
15} D 

16 D 



53 


-020 


58 


•224 


63 


•435 


68 


•652 


73 


•873 


79 


•099 


84 


•327 


89 


•558 


94- 


•791 


100' 


026 


105- 


"262 


no- 


499 


US' 


738 


120- 


978 


126- 


218 


131- 


460 


136- 


699 


141- 


944 


147" 


189 


152' 


428 


157- 


673 


162- 


918 


168' 


163 



Curved Intermediate Portion. 
S. 



^ D (1,080 



^ D (1,291 
V~D~(1,532 

V~im:i7795 

^/'D~(2,"078 
V~D~ 72,383 
sj D (2,708 



V I> (3,055 



a/ 'D~(37^22 

V D (3,811 
VD (4,220 

V D (4,651 



V D" (5,102 
aJ D (5,575 



V D (6,068 



V D (6,583 
V"D~(77ll8 



V D (7,675 

V 1) (8,252 
^ l)~(5785r 
^/'D~?9,l70 
V^'D (10,111 
^ "D"( 107772 



896 - D) - 



412 - D) 
928^^ D) 
440~^^D) 
948 - D) 
452~^r^D) 
960"^~ D) 



464 - D) - 



968 - D) - 



472 
976 



476 - 



980 - 



D) 
1^) 



480 
980" 
480" 
98T 



D) 






480 
980^ 



1>) 



480 
980" 
480 
'y'80" 



1>) 
D) 



106 


•040 


116 


•448 


126 


•870 


137 


•304 


147 


•746 


158 


•198 


168" 


'654 


179- 


116 


189- 


582 


200' 


052 


210' 


524 


220- 


998 


231' 


476 


241' 


956 


252- 


436 


262" 


920 


273- 


398 


283- 


888 


294' 


378 


304- 


856 


315' 


346 


325" 


836 


336- 


326 
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NOTES ON PERMANENT-WAT MATERIAL. 



XIV.— POINTS AN! 

Table of Nuubbbb, Radii, Citbvi-lbads 

Gauge (G) = B'O" = 5'0a 



K = 10P + 7-5. 



L' = 10 1 



APFBOXIHA'n 

2-5 



Number. 


liadiaa. 


CiirvB-load. 


Switch-lead. 


Lend. 


I. 


K. 


L'. 


/'. 


L 


5 


257-475 


50.495 


13-497 


37 


51 


309' 980 


55-450 


14-810 


40 7i 


6 


3S7-4S5 


60-415 


1G-12G 


44 SJ 


6i 


429 '985 


65-385 


17-444 


47 m 


7 


437-490 


70-355 


18-764 


51 7 


71 


SCO -930 


75-330 


20-085 


55 3 


8 


647-490 


80-310 


21-407 


5S to) 


ei 


72S-9m 


85-293 


22-731 


63 61 


9 


817-493 


90-275 


24-055 


66 2| 


9i 


903-995 


95-2G5 


25-380 


69 10i 


^M 
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CROSSINGS. 

SwrroH-LBASS, and Leads; TuRsaim akd Gbobsoyebs. 

QeuuKw (d) = 1|" = V-SM. 



(■ = 26 



91 + 



SI + ^ 



S197 



D CnossoTEiiia. 



'mediate Portion. 



Carred Intcnoedilte Portion. 



61 D 

7 D . 
7i D ■ 



50-495 
55-450 
6U-415 
65-3S5 
70-355 
75 ■330 

8 D - SO-310 
8i D - 85-295 

9 D - 90-273 
9} D - 95-265 

10 D - lOU-250 
lOJ D - 105-240 

11 D - 110-225 
111 D - 115-215 

12 D - 120-210 
12i D - 125-200 

13 D - iao-190 
13i D - 135-185 



14 D - 



140-] 



14i D - 145-170 

15 D - 150-165 
151 D - 156-160 

16 D - 160-130 



^/D( 1,019-900 - 
VD (1.229020 - 



D) 



Vij (1,459-940 - D) ■ 

VD (l,70a-340 - D) ■ 

VD (l,fl79-9iJ0 - D) ■ 

Vd (2,269-560 - S) ■ 

VD~{'2;579-'960"^^DJ - 

VD~(2,809'960~^D) ■ 

VJ)~(3i259-960~'D) - 

>/D~(S^629-980 - D) • 



VD (4,429-980 


- D) 


VD (4,859-980 
Vd (5,309-980 


-D) 

- D) 


VD (,5,779-9S0 
VD~(672lJMr80~ 


- D) 


VD (6,779-1)80 
Vd" (7,309-S80" 


-D) 
- D) 


VD (7,859-980 


- D) 


Vd (8,4-29-980 


-D) 


VD (9.UI9-980 
VD""(9,629-i)80" 


-D) 
- D) 



Vl>(10,2S9080 - D) 



- 100-990 
. 110-900 



- ISO -530 

- 130-530 

- 200-500 

- 210-480 

- 220-430 
. 230-430 

- 240-420 

- 230-400 



- 310-320 

- 320-300 



150 NOTEa ON PEBMANEST-WAY MATERIAL, 



XV.— POINTS AND 

Table ot Ndubxrb, Radii, Cdbve-lzads, 

Gaoge (G) = i' 8J" = 4'-7083. 



K = 9-«66I' + 70G. 



161 + 



ApFSOXIXATE 

2-354 



Numbsr. 


Radius. 


Cun-e-lead. 


S»itcli-lead. 


L^nd. 




1. 


E. 


L'. 


('. 


L. 




5 


ai2-4Sl 


47-549 


13-180 


34 Oi 




5* 


2S1-695 


52-ilG 


11-791 


37 6 




6 


346-011 


56-890 


IIJ-IOC 


40 9} 




Ci 


4M-M0 


61-568 


17-422 


44 1! 




7 


468-16* 


66-251 


18-740 


47 6i 




7i 


B36-736 


70-937 


20 060 


50 lOi 




8 


609-7ie 


75-62(i 


21-381 


54 S 




81 


687-404 


80-317 


22-703 


57 7i 




8 


7G9-81H) 


85-010 


21-025 


60 lit 




9i 


85(! 901 


89-705 


25-3iS 


64 41 




^1 
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CROSSINGS: 

SWITOH-LBADS, AND LbADS ; TURNOUTS AND CROSSOVERS. 

Clearance (d) = 4 J" = 0'-375. 



• 


POBMULA. 




P = 2-65751 + °j"*- L = 6-7591+ ^'j^. 




TORNOUTS AND CROSSOVERS. 




Straight Intermediate Portion. 
S. 


Curved Intermediate Portion. 
S. 




5 D - 47-549 


VdC 960-399 - D) - 95*098 




5J D - 52-216 


VD (1158- 163 ~-"lD) - 104-432 




6 D - 56-890 


VD (1374-759"- D) - 113-780 




6J D - 61-568 


Vi) (1610-183 - D) - 123 136 




7 D - 66-251 


VD (1864-439- D) - 132-502 




7i D - 70-937 


Vd (2137-527 -~D) - 141-874 




8 D - 75-626 


^©(2429-447 - D) - 151-252 




8J D - 80-317 


>v/D(2740-199 - D)' - 100-634 




9 D - 85-010 


VD (8069-783 - D) - 170*020 




9i D - 89-705 
10 D - 94-401 


VD (3^18 199 - D) - 179-410 




Vl> (3785-431 - D) - 188-802 




lOi D - 99-098 


VD (4171-531 - D) - 198-196 




11 D - 103-796 


VD (4570-427 - D) - 207-592 




Hi D - 108-495 


Vd/(5000-195 - D) - 216-990 




12 D - 113-195 


VD(5442~775~-~D) - 226-390 




12i D - 117-896 


>v/l>(59'04-187 - D) - 235-792 




13 D - 122-595 


VD (0384-427 - D) - 245-190 




13i D - 127-298 


VD (6883-503 - D) - 254-596 




14 D - 132-002 


VD (7401-423 - D) - 264-004 




14i D - 136-701 


V 0(7938-175'- D) - 273-402 




15 D - 141-404 


VD (841)3-763 - D) - 282-808 




15i D - 146-108 


VD(90G8-187 - D) - 292-216 




16 D - 150-811 


VD(9GG1-415 - D) - 301-622 



MOTES ON PEEMANENT-WAy MATERIAL, 



XVI.— POINTS AND 

T&BLB or NtiHBKBs, Radii, Oubve-lbads, 

Gauge (G) = 3'6" = 3'-5. 



7 1' + 5-25. 



L' = 7r + 



AFPROIIHAn 

1-75 



Kumber. 


Kidiiu. 


Curve-lesd. 


Swit 




Lfad. 






ii. 


L', 




I- 




5 


180-233 


35-346 


10 


Ii09 


24 8i 




5J 


216-986 


38-810 


11 


fill 


27 2 




6 


257-238 


42-290 


12 


B76 


29 71 




6i 


300-930 


45-078 


13 


712 


82 OJ 




7 


318-241 


49-249 


14 


750 


34 6 




-* 


39!i'992 


52-732 


15 


788 


36 m 




B 


453-243 


56-218 


16 


8^8 


39 4i 




Si 


510-991 


.09 -705 


17 


868 


41 lU 




9 


572 -245 


63-194 


ts 


909 


44 3i 




Si 


036-905 


GG-esi 


19 


951 


46 81 




^M 
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CKOSSISCS. 

SwiTGB-LBtps, AXD Leads; Tukxocts axd Cbossoveks. 

CkanDce (d) = 3j' = 0''3123. 



FOBICC!.*. 



J' =2 09171 + 



0-752 



L = 4-9 



TcBxocTS Asi> CaOiSOvims. 



Stnisbt Inlcrmnliatc Portian. Corred Inlenuediate Portioa 



51 D - 

6 D - 

6i D - 



9! 


D 


- 


66-68i 


10 


D 


- 


70-175 


m 


D 


- 


73-CGG 


n 


D 


- 


77' 159 


Hi 


D 


_ 


SO'CSa 


12 


D 


- 


81-14B 


lai 


D 


- 


S7'640 


13 


D 


- 


91 ■ 133 


I3i 


D 


- 


94 '029 


li 


D 


- 


9S'126 


HS 


D 


- 


101 'eis 


15 


D 


- 


105-115 



VD<iase-iW4 
Vd (1588 -Sea 
V"D'(ia)o"972" 
VD(a036-fl7ti 

Vl>Oi58PS»8B" 

VD"(25i0^S0" 
VD (28 13- 981" 
v''D(3T00-9Si" 



VD7a7T6~ltS8" 

VD'(4a88-9&l 
Vd (4745-981 

VD"l0501-i)8r 
VD (5900-984 
VU(fi;il3-984 
VD {6740-984 
VD (7181-081 



- D) - 70-693 
r"D) - 77-632 
~D) ~ St-5S0 
n5) - Bl-35li 
rii) - 98-498 
^TJ> - lOi-lGl 
^T)> - 112-43G 
^^ - 119 410 
~D) - 126-383 
^"D) - 13;i-3G8 
-~D) - ]10-3;iO 
:""D) - 147-332 
HD) - I51-31H 
~D) - 161 -304 
-~b) - 1118-292 
7 D) - 175-2K0 
-"DJ - 18a-20« 
r^D) - lH9-2fl8 
-~DJ - 19G-2S2 
■ I>) - 2(J:I-2!)H 

- I>) - Sil(|-230 

- U) - 217'1!24 
-U) - 224-210 



154 BOTES ON PERMANENT-WAY MATEBIAL, 

XYII.— POINTS AND 
Table of Nuubebs, Eadii, CnBTS-LEiDS, 
Gange (G) = 3' 3|" = 3' -2809. 

Appboxdiati 
■64 



8P + 49 



L' = 6-5618 1 + 



Number. 


Ridioi. 


Curv 


-Itud. 


Snitch-lend. 


Lead. 






K. 


L'. 


('. 


L 




5 


168-950 


83 


134 


10- 097 


23 Oi 




5i 


208-402 


36 


3S6 


n-oso 


25 33 




6 


241-135 


39 


644 


12 ■065 


27 7 




6i 


282 -HS 


42 


903 


13 ■ 051 


29 10i 




7 


326'441 


4(i 


ItiG 


14 -039 


32 II 




H 


374-015 


49 


431 


15-027 


34 4i 




8 


424-870 


52 


699 


16-OlG 


3G 8i 




8i 


479--006 


55 


967 


17-007 


SSlJi 




9 


536 '425 


59 


238 


17-907 


41 3 




fli 


59yil9 


62-509 


lS-989 


43 6} 




^M 



plate:.atin-g, asd roisTs asd crossisgs. l.'io 

CEOSSISGS. 

SwiTCH-LBADB, AND Leads; Tcrsouts asp Cbossotbbs. 

Claonnce (c() = 3;" = 0'-302. 



TcaNorre asd Ckoseovei 



Straight tnterniediate PDrlion. Corvea iDternediaCe PoFtion. 



5 D - 
5j D - 

6 D - 

Gj D - 

7 D - 
7J D - 



9iD - 


62-509 


10 D - 


65-782 


101 D - 


6U'005 


11 B - 


72-329 


llj D - 


75-003 


12 D - 


78-878 


12iD - 


82-154 


13 D - 


85-428 


13J D - 


88 -706 


11 D - 


91-083 


14i D - 


05-258 


15 D - 


98-535 


15i D - 


101-813 


18 D - 


105-1)90 



VD(fle9 

VDTliOT" 



V D ( 957 

VcTii^' 



238 - D) - 

046"^D) - 

978 - D) - 

D) - 



73-288 
85 -806 



9-202 - 



D) - 



VD (1299-2 

VD (1039-498 - dT - 98- 802 

VO (1^92-018 - D) - lOSHIlS 

VD (loot 



__D) - 



VD (2381-914 - D) - 



VlJT2iJ37 
V'fiT290"6 
V'D(3189- 
a/D (3484 - 
v'l)0>702" 
VD'(4[14- 
*'D'(4448- 
VD(479I!- 
Vir(fil57- 
VD"iE53"1- 

Vb(r,oia- 

V"D (0319- 



B2a ~ D) . 

802 - U) - 

022~- D> . 

ao2~- U) . 

710"- D) . 

234 - D) . 

HHti - n) . 

663 - I)) . 

562' —' D) . 

586 - U) . 

7;1-1 - I.)) . 



Ill -9:14 
1 IK -476 
125-018 
131-564 
138-010 
144-U.1S 
151 -206 
157-750 
161- 1108 
170-W50 
177-412 
]8;i-P«0 



NOTES ON tehmanent-wat material, 



Gftnge (G) = 8' 0" = 3". 



XVIII— POINTS AND 

Table of NuHBBiis, Radii, CuRvo-LhAiis, 

Apfboximate 



Nunibsr. 


Raima. 


Currt-lead. 


Snitdi-lend. 


Lead. 




1. 


R. 


L'. 


V. 


L. 




3 


154- iS5 


, 30'297 


9-494 


20 9} 




6i 


iss-sas 


33-270 


10'4IS 


■ 22 101 




6 


220- m 


3(i-249 


11 -Ml 


24 lOj 




6i 


257-992 


39-231 


12-272 


26 Ui 




7 


298 -493 


42'213 


13-200 


29 01 




'4 


Sii-adi 


45-198 


14' 120 


31 0{ 




8 


888-406 


48-186 


i5-ot;o 


33 H 




8* 


137-996 


61-177 


15- 991 


3S 1( 




9 


WO- 497 


64 '165 


16 ■ 923 


37 3 




\)i 


5<5-;iU7 


67- 159 


]7-8:'5 


ail 3i 




^M 



PLATELAYING, AND POINTS AND CROSSINGS. IST 



CEOSSINGS. 

Switch-leads, and Leads ; Tdrnodts and Crossovers. 

Clearanoe (d) = 3J" = 0'-292. 



FOBUCLJE. 



r = 1-872 1 + 



0-C71 



L = 4-1281 1 



0-813 





ToBNOora ASD Crossovers, 




Straight IntetmuJiate Portion. 


Curred latenriBdiate F 
S. 


rtion. 




5 D - 30-237 


VD ("611 -[(40^0) - 


60-504 




5J 1) - 33 


270 


VDC 737-i.52 - it) - 


66-540 




li D - 3G 


249 


VfiTsts^aia^^D) - 


72-498 




CJ D - 39 


231 


VD(l{i25-9i;8 - D) - 


78-462 




7 D - 42 


213 


VD"{ll"87"97a"^rD) - 


84-426 




7j D - 4.^ 


198 


Vi) (1361-976 - D) - 


90-396 




8 D - 48 


186 


^/D(1347-9S0 - D) - 


96-372 




81 D - ul 


177 


VD(1745!>94-D) - 


102-354 




9 D - 54 


165 


VD 0955-388 - D, - 


108-330 




9J D - 57 


159 


VI>(2177-988 - b) - 


llt-S18 




10 D - 60 


150 


V'DTaii 1-988-^^15) - 


120-300 




101 D - 63 


144 


VD (2657-988 -'D) - 


128-288 




11 D - 66 


135 


VD(29!5-98a - D) - 


132-270 




ll§ D - CD 


129 


VD (3185-988 -"D) - 


138-258 




12 D - 72 


126 


VDT34U7-98S"":rT)) _ 


144-252 


1 12§ D - 75 


120 


VD(37Ur-988 - D) - 


150-240 


! 13 D - 73 


11.5 


VD(4007-U88 - D) - 


156-230 


' 13i D - 81 


111 


Vrr(i385-i)88~--D) - 


162-222 


1 14 D - S4 


107 


V^D (4715-988 - Dj - 


1G8-214 


1 HJ D - 87 


103 


VD (5057-988 - U) ~ 


174-206 


, 15 D - BO 


100 


VD"75411-0KH"--"DJ - 


180-200 


I5| D - D3 


097 


VD (5777-988 ~ D) - 


ieii-194 


1 IG D - Oli-OQt 


VD(615fl'0.48 -"D) - 


192-188 
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XX. 

INDIAN STATE EAILWAYS, 6' 6" GAUGE. 

Points and Crossings. 



J 

Number. 
I. 


Angle, 
a. 


Radius. 
R. 


Curve- 
lead. 
L'. 


Switch • 

lead. 

I'. 


Lead. 
L. 


Remarks. 




O t 'f 




t tt 


t II 


1 II 




5-2671 


10 45 


313-48 


58 6 


14 11 


43 7 


Old standard 


7-3479 


7 45 


602-14 


81 3 


20 8 


00 7 


> crossings, still 


9-9310 


5 45 


1093-11 


109 6 


27 10 


81 8 


] in use. 


6 


9 27 44 
6 42 35 


404-23 

802-99 


66 5 
93 10 


16 10 
23 10 


49 7 
70 


New standard 

• 


12 


4 45 49 


1592-24 


132 3 


33 7 


98 


crossings. 



Turnouts and Crossovers. 





Straight 


[ntermediate Portion (Figures 19 and 20). 


Crossing. 








tj 


• 




D = 13J. 


D = 


14. 


D = 15. 


D = 16. 


D = 18. 


D = 20. 


o » 


/ tt 


# 


// 


1 II 


» II 


1 u 


1 n 


10 45 


12 8 


15 


3 


20 7 


25 10 


36 4 


46 11 


7 45 


18 


21 


8 


29 


36 4 


51 1 


65 9 


5 45 


24 7 


29 


6 


39 5 


49 4 


69 3 


89 1 


lin6 


14 7 


17 


7 


23 7 


29 7 


41 7 


53 7 


lin8^ 


20 11 


25 


2 


33 8 


42 2 


59 2 


76 2 


linl2 


29 9 


35 


9 


47 9 


59 9 


83 9 


107 9 



10 45 
7 45 
5 45 
linO 
lin8i 
linl2 



Curved Intermediate Portion (Figures 21 and 22). 



11 10 
15 11 
23 3 
13 9 
19 9 
28 2 



14 2 

19 9 

27 8 

16 5 

23 7 

33 6 



18 9 
25 7 
36 4 
21 8 
30 11 
43 11 



23 1 

31 8 

44 8 

26 8 

88 1 

54 



31 6 
43 6 



60 
36 



7 
3 



51 8 
73 4 



39 
54 



5 

7 



75 8 

45 3 

64 7 

91 6 



ICO NOTES ON PESMANENT-WAY MATEKIAL, ETC. 

XXI. 
INDIAN STATE BAIL WAYS, 3' SJ" GAUGE 

Points a 



KuniW. 
1. 


ADglD. 

a. 


Radiui. 
R. 


Curve- 
lead. 
L'. 


Switch- 
lead. 


Lend. 
L. 


Kemnrks. 


s-mc 


11 


17P-.W 


34 1 


10 5 


23 81 


(Old BlniKlnnl 


7-!M79 


7 iS 


359-13 


48 S 


14 8 


33 9 J irnfflingB, Btill 


10-3851 


5 HO 


7I2-C5 


G8 4 


20 9 




S! 


8 25 38 
6 32 


303 -au 

SU7-12 


44 6 
(12 C 


13 C 
19 


54 11 j trO'"«"B"i- 


12 


i 45 19 


949-82 


78 11 


24 
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XXII. 

Selected from Enclosure to P. W, Dept, Circular No, 5 Bailway of 1892. 

CEETAIN STANDARD DIMENSIONS to be observed 

ON Eailways m India. 

(For the information of Permanent-way Inspectors.) 

I. — Formation. 



Single Line — 
Minimum width of formation — 

(1) In embankment 

(*2) In cutting (excluding side drains).. 

Double Line — 
Minimum width of formation — 

(3) In embankment 

(4) In cutting (excluding side drains) . . 

(5) Standard distance, centre to centre 

of tracks (out of stations) . . 

OUBVES — 

Maximum angle of curvature — 

(6) In ordinary country 

(7) In difficult country 

N.B.— The angle of curvature is taken as the angle 
at the centre subtended by an arc of 101 feet in length. 
Thus the radius for a one degree curve is 5729*678 feet. 

The maximum angles of curvature given above do 
not apply to curves in station yards. 



Gauge. 



5' 6". 



20 ft. in. 
18 ft. in. 



84 ft. in. 
82 ft. in. 

14 ft. in. 



8°0' 
(rad. = 1910 ft.) 

6°0' 
(rad. = 965 ft.) 



Metre. 



16 ft. in. 
14 ft. in. 



28 ft. in. 
26 ft. in. 

12 ft. in. 



(rad. = 1146 ft.) 

10° 0' 
(rad. = 573 ft.) j 



II. — Ballast and Permanent Way. 



Ballast — 

(8) Minimum width of ballast at rail 

level 

(9) Minimum depth of ballast below 

sleepers 

N.B.— 'lliese minimum dimensions may be relaxed 
in the case of a line being opened to traffic before the 
bonks have settled. 



11 ft. in. 
8 inches 



7 ft. 6 in. 
6 inches 



-KV 



162 NOTES ON PEEMASBNT-WAT MATEBIAL, 

II.—BALLAar AND pEiuUHKiiT Wat— omMnuei. 





Gauoe. 




5' 6". 


Metre. 


BLBCPEEa— 

Miniaiiim dImanBioDa tor timber orow 

<10?UnKth 

(11) Breadtli 

(IH) Deplh 

(13) Minimom area Id tross section .. 

N.K— On brliiEU nbeie Ibe aan elHpsB net 
dLtpttly on Ioosiindlp.i glnlm «ip slceiwrs tra id U 
■peced not num than 1ft. in, ipart, rtniro lo wnlre, 
and iR to be not legs tluin Inchn Srtrj.. i^cIiibIts of 
my noiohlntt whldi ni« be itqiiired on ihe nuder Hdg 
tu Jlow for the coTcr-plilos, cuLlwr. fto. 

for points and oj-osBLngs .. 
far points and croesiiigB -- 
for ourres and level i^rossinga . . 

(18) MitiEmum depth of spaoe for wheel 


8 ft. 11 io. 
9 inc^ea 
5 inohes 

SOiq. in. 

1760 

If inch 
U inch 
2 Inches 


6 ft. in. 

7 inpliEB 
4i inches 
36sq.in. 

1936 

li Inch 
11 inoh 
2 inches 


iH 
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III. — Fixed Stbuotubes (in STATiON8)--am<mt4ed. 



Gauge. 



Buildings — 

(24) Minimum horizontal distance from 

centre of track to any structure 
in the vicinity of a passenger 
platform (but not on a platform), 
within a height of 12 feet from 
rail level 

N.B, — This rule does not apply to point levers be- 
tween tracks or to water cranes. (See items yos. 38 
and 45.) 

For extra allowance on sharp curves see item 
No. 19. 

(25) Minimum horizontal distance from 

centre of track to any structure 
not in the vicinity of a passenger 
platform, from platform level, if 
any, or from 1 foot above rail 
level, if there bo no platform, 
to a height of 11 ft. 6 in. above 
rail level 

N.B. — Under the last entry coal or any material 
stacked by the side of any track is to be considered a 
structure in the sense in which the word is here used. 

A projecting oxerhanglng roof is permissible in the 
case of a goods shed on a siding, if such roof extends 
over the centre of the track at a height of not less tlian 
14 ft. 6 in. above rail level ; or if It does not infringe 
the outline of the figure for minimum fljced structure 
out of stations. 

For extra allowance on sharp curves see item 
No. 19. 




7 ft. in. 



IV. — Fixed Stbuotubes (Out op Stations). 



Buildings, Etc. — 

(30) Minimum horizontal distance from 
centre of truck to any structure 
out of stations, from 1 foot above 
rail level to a height of 11 ft. 
6 in. above rail level 



N.B. — Under this entry any material stacked by the 
side of the line is to be considered a structure in the 
sense in which the word is here used. 

For extra allowance on sharp curves see item 
No. 19. 




7 ft in. 



NOTES ON PERMANENT-WAT UATERIAL. 



v.— Station Tabdb, 



* _ 


Gjlu&e. 




6' 8", 


Mrtre. 


Stmuso of TniOKB— 

oftraoks 

Track neareBt plutform tn nest 

track .. .. 

All other tracka in station yard .. 

Points ash OttosaiNGa— 

rft« /offou.™ (ifanu Not. 35, 36 oTiti 371 
are la U ad<^d on all Stale railwayi :— 
(35) MiuimuM radiiu of carve .. .. 
C^e) Slandard nToeeiiigi 

(37) Standard lengths fir toagae raSi .. 

(38) Minimum horizontal (lialttnoe fmm 

centre ni' track to point lianilte. 
indicator, or any part of point 


IS ft 6 in. 

SOO feet 
1 l.£n^ 

ll:i;::t! 

mjl. in. 
\l5JL0in. 

7 ft. in. 


16 ft. 7 in. 
IS ft 6 in. 

47S/efi 
l-i«-6 
l.in-81 
1-.VI2 

9/1. in. 

12/1. ia. 

7 ft in. 


■■ 



/'"^ieiii oi'tUnoT'if temper 
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